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INTRODUCTI ON 
Problem Situation 
Agriculture in the United S tates , an industry dependent upon energy 
and energy-related products , may have to make major changes as the indus-
try is required to adjust to rising energy co sts.  Nationally , farmers 
spent 4 . 2  billion dollars on farm energy in 19 74 , Duncan et al . (1978) . 
S outh Dako ta agricultural production processes consumed 3 . 790 x 
10
13 
BTU in 1 974 . !nvested energy , which includes energy required to 
manufacture fer tilizers and for on-farm pmnp ing of surf ace and ground 
water used for irrigation purposes,  accoun ted for 21 . 6  p ercent of the 
197 4 to tal , or approximately 8 . 1 7 7
. 
x 10 1 2  ·B TU. Fertilization accounted 
for 18 to 19 percent of the total energy consump tion , S o uth Dakota Office 
of Energy Policy ( 1 9 7 7 ) . 
Gasoline , die sel fuel , . and liquid petroleum g as constitute an esti-
mated 75 p ercen t  of the agricultural energy consump tion within the s tate , 
S outh Dakota Office o f  Energy Policy' (197 7).  Duncan e t  a l .  ( 1 978)  
,.s tated, "From 19 73 through 1 9 7 7 , direct agri cultural energy costs have 
risen as follows : gasoline , 69 percent; diese l fuel , 9 9  percent; fuel 
oil , 109 p ercent; liquid petro l�um gas , 130 p ercent; natural gas , 220 
percent and electricity , 59 percen t . "  
Information i s  very limited concerning energy co!1.sumption b y  South 
Dako ta agriculture . Energy and U . S .  Agriculture , 1 974 Data Base, (1 9 7 7 )  
published b y  the Federal Energy Administration and the Uni ted S tates 
Department of Agri culture is currently the primary source of energy data 
for South Dako ta . His torical energy consump tion da ta are no t available 
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and reliable estimates of his torical consump tion are difficult to obtain , 
South Dako ta Office of Energy Policy ( 1 977) . 
Agricultural production may make adjus tmen ts in i ts output comb ina-
tion, or in its consumption of various input  combina tions as the prices 
of inputs or outputs vary . Shifts in energy s upp lies may have effects 
on crop mix , produc tion practices , location of crop production and 
- producer net returns. Crop mix is defined as the rela tive number o f  
acres o f  each crop p roduced . 
The Problem 
Increases in energy prices and possib le physical shortages of  
energy and energy-related products have become recognized as  imminent 
since the " 1 9 7 3  Arab Oil Embargo" occurred . South Dakota impor ts 95  per-
cent of its energy needs despite the fact that it exports a large amoun t 
of electricity to o ther s ta.tes . Furthermore , gasoline , diesel fuel and 
·-
liquid p etroleum gas provide an es timated 75 per cent of  the agricultural 
energy consumption within the state . Fertilization accoun ts for an addi-
tional 18 to 1 9  percent of the to tal energy consumed by the state's agri-
cultural sector, South Dakota Office of Energy Policy ( 1 9 7 7).  Thus , 
South Dakota's agricultural eco�omy is dependent upon the cos t as well 
as the physical availability of energy resources . 
The effects of energy shortages , caused by physical or price con-
straints , on South Dakota's agricultural crop mix , production practices , 
crop produc ti on location and net returns to producers are unknown. Two 
billion dollars in crops, lives tock and livesto ck p roducts s ales 
annually, make agriculture the largest single indus try in South Dako ta's 
3 
economy , S outh Dako ta Office o f  Energy Po licy (19 7 7 ) . S outh Dako ta' s 
decis ion maker s  may need information concerning the s tate's agricultural 
energy consumption to insure adequate energy s upplies in the future . 
This s tudy will attemp t to obtain this information and to study various 
energy relationships .  
An estimate o f  the current crop mix in eas tern South Dakot a 
will be derived . Current consmnption o f  the four maj or energy sources 
used in the crop production process , gasoline , diesel fuel , liquid 
p etroleum gas and electricity , will be es timated and relationships 
between current consump tion and crop mix will b e  s tudied . Finally , the 
effects o f  energy quantity constra�nts and energy p rice c onstraints will 
be s tudied to determine what effects constraints may have on crop mix , 
total crop outp ut levels , and net income per acre and per unit of energy 
consume d . 
HyPo theses an d  Objectives 
The central hypothesis of this study is that energy supp lies will 
f or ce · the South Dako ta agricultural industry to make production· pro cess 
adj us tmen ts.  
The specific hypo theses formed to assist  this s tudy are as follows : 
1 )  Energy consump tion per acre , for crop product ion purpo ses in 
eastern S outh Dakota varies geographicallyc The geographi cal 
varia tions are caus ed by a variation in basic crop mix . 
2) If shortages in energy occur a change in c rop mix, in to tal crop 
output, and in net income per acre , and per unit o f  energy con­
SUlned will o ccur . Small grain production will rep lace row crop 
4 
production. 
The central obj ective of this study is to de termine what effect a 
chang e in energy availabili ty will have on South Dak o ta agriculture . To 
evaluate the hypo theses in this s tudy , the following specific objectives 
mus t  be accomp lished: 
1) To e s t imate the total energy consumed/acre in South Dakota east 
o f  the Missouri River , in the "on-farm" product ion proces s . 
2) To e s timate what relationship exis ts between energy consumed , 
crop mix, crop location and number o f  acr es of crop produced . 
3) To discuss the change in �rop mix, outp ut and net income, which 
will occur on eas tern South Dako ta farms when energy quantity or 
p rice constraints are applied . 
S cope and Limitations 
The s tudy is limi ted to the crop produc tion pro cesses found in 
eas tern South Dako ta .  Crop classifications s tudied consis t o f  1) corn , 
2) soybeans , 3) small grains and 4 )  hay and alfalfao Energy sources 
s tudied consis t o f  gasoline , diesel fuel , liquid p e troleum gas 
electricity. Two o ther energy intens ive inputs , fertili zers and 
chemicals , are also were studied. 
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REVIEW OF LITERATURE 
American agriculture has historically provided an adequa te domestic 
food supply and is p roviding an ever increasing s upply of food , feed and 
fiber for the world . As the world population has grown many countries 
have found that the available agricultural resources are inadequate to 
provide for growing populations . Prior to World War I I , s everal regions 
were ne t exporters of agri cultural products. By 197 5  a dramatic change 
had occurred wi th only three regions, North America , Aus tralia , and New 
Zealand being net exporters. Approximately 1200 million t ons of cereal 
grains were demanded by the world' in 1975 , with demand increasing at a 
rate of  25  million tons per year , Biswas et al. ( 1 9 7 6 ) . 
The Uni ted States exported three-fourths of i ts wheat , more than 
two-thirds of i t s  rice , one-half of its soybeans and cattle and over 
one-fourth of its feed grai�s in 1 974 , Kirk ( 19 7 7 )  • . Total 1 97 4  agricul­
tural exports  were valued at · 2 1 , 293  million dollars , while 1974 agricul­
tural imports totaled 9 , 549 million aollars. Therefore , an excess o f  
�domestic agricultural exports over supplementary imports existed in 1 974 · 
and was valued at 1 4 , 764 million dollars . Acres harves ted during 1974 
in the United S tates amounted to approximately 33 1 million acres , with 
29 percent or 96  million acres used for producing agricultural expor ts , 
USDA ( 19 7 6 ) . 
Increased crop yields  have been made poss i�le in part through 
increased mechaniz ation and fertilization .  The United S tates led the 
world in tractors , combines and fertilizers used in 197 3, Biswas et al . 
(1 976)  • . 
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The number of acres of  land economically f easib le for cultivat ion 
has changed very li ttle since 1 9 1 0, but emphasis has been p laced on 
increasing crop production per acre . The average crop yield per acre for 
the period 1 9 1 1  to 20 as compared to the period 1967 to 76 nearly 
doub led , Dunc an et al.  ( 1 9 78 ) . Most of the increased productivi ty has 
o ccurred s in ce 1 9 40 .  The United S tates' total f arm produc tion increased 
90 percent on approximately the same acreages b e tween 1 9 40 and 1972. 
Farm labor in 1 9 7 2  decreased to 30 . 7 percent of what it was in 1940, 
however , me chanical power and machinery inputs increased 1 4 1  p ercent and 
fertiliz er and liming materials �ncreased 7 80 p er cent for the s ame 
period , Car ter et al . ( 1 974) . 
The increasing reliance of Uni ted S tates' agriculture on energy can 
b e  observed in the above mentioned percen tages . Carter e t  al. ( 1 974) 
gave the f ollowing reason for the increase: 
1) Part of the increasin_g dependence is due to "relative ly cheap 
energy supplies. " 
2) "Agricultural commodi ty programs have been capi talized into land . 
�rices and have imposed cons traints on the land input that make 
i t  profitab le to substitute freely f er tilizer , p es ticides , and 
machinery inputs . " 
3) "The social costs of waste and residue disposal and displacemen t 
of farm labor have been undervalued and no t ful ly internalized 
" 
into agricultural cos ts. " 
P imental et al . ( 1 97 3 )  s tated , "If petroleum were the only source 
of energy and if we used all petroleum reserves s o lely to feed the world 
p opulat ion the 6 6 , 053-billion-liter reserves would last a mere 13 years . "  
This assumes the world population is fed a diet high in animal pr.otein 
and al l energy is received only from prot�in source s . Pimental's study 
has received criticism because of the na ture o f  the assump tions . 
Pimental compares energy efficiencies in corn product ion using only 
manpower in Mexi co and Guatemala as compared to corn product ion in the 
United S ta tes in 1 9 70 . The relative energy efficiencies (kcal re turn/ 
kcal input , this does not include energy received by the p lant through 
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s olar radiation) are 1 0 . 1 3 , 4 . 5 6 and 2.5 2,respectively . The 1 945 ener6Y 
efficiency rat io for the United S tates was 3 . 2 4 . The lower energy effi-
cie�cies are replaced by increased efficiencies of  avai lab le land , labor 
and cap i tal res ources . 
Alternat ive s to mechanized agriculture , Nelson e t  al . ( 1 9 7 6 )  were 
explored and the following observations made: 
1) Fer ti li zation through organic wastes and .legumes is not feasib le 
if the current levels of production are to b e  maintained and 
current soil f ertility is not to be  dep leted . 
2) Going back to draft horses is no t feasible as "to  operate our 
current 327 million acres of harves ted cropland with 27 million 
horse s  and mules would require 520 x 1 0 1 2kcal o f  b iological 
1 2  . energy , more than three ·times the 1 5 8 x 1 0  kcal o f  fo ssil_ 
energy used by tractors , combines and o ther farm machinery . "  
3) Farming more acres is no t possible without additional land 
clearing , drainage , leveling , irrigation , fertilization , and 
conserva tion. These practices would require addi tional invest-
ments o f  energy and capital . 
4) Alternatives to land-base agriculture have no t been developed 
sufficiently to supply any s ignificant amount o f  food . 
Therefore ,  current alternatives to mechanized agr iculture are limited . 
The increased reliance of United States' agriculture on energy has 
occurred in farm operations , production of farm used p roducts and in 
processing of farm produc ts .  Farm consump tion of gas oline, diesel fuel 
and liquid-pr opane gas has changed with more emphasis b eing placed on 
diesel-powered equipment . This reflects the economy of op erat ion which 
die sel-powered equipment has demons trate<l.  In 1 964, 5 0 percen t of the 
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new tra ctor s were powered by diesel .  This comp ares t o  9 0  p ercent o f  the 
new tractors in 1 97 3 ,  McKinsey , Jr . ( 1 9 75 ) .  
Rural electric cooperatives provide much o f  the electrici ty needed 
for the rural community. Rural electric cooperatives have fotmd the 
demand for e lec tricity is increasing at a rate of 11 p ercent per year , a 
rate which res ults in a doubling.of demand every 
.
6 . 5  years , Partridge 
(1974- 75 ) .  
Nitrogen in recent years has become recognized a s  an economically 
impor�ant p lant nutrient in Uni ted S tates' agriculture. The me thods of 
application of ni trogen to the soil has , however, changed . Relative ly 
inexpensive energy and improved technology have resulted in shif t ing 
from ni trogen-fixing legumes to.app licat ion o f  nitrogen in the form.o f  
comnercial f er tilizer . This has led to a dependence o f  Uni ted States ' 
agriculture on natural gas . Ninety percent o f  the anhydrous ammonia 
produced has natural gas as a bas ic ingredient , McKinsey , Jr .  ( 1 9 7 5 ) . 
Uni ted S tates' agriculture , in 1 974 , us ed on the farm an estimated 
3. 699  x 1 0
9 
ga llons of gasoline , 2 . 639 x 1 09 gallons of diesel fuel , 
3. 039 x 10
8 
gallons of  fuel oi l ,  1 . 482 x 1 0
9 
gallons of  liquid propane 
gas, 1 .641 x 1 0 1 1 cubic feet of natural gas and 3 . 20 9  x 1 010 -kilowatt. 
hours of ele ctricity . Approximately 88 . 9  percent of  the total energy 
used by United States' agriculture for production purpo ses was used for 
crop p roduction , Wynn ( 1 9 77 ) . 
Approximately 45 percent of the total on-farm agricu ltural use of 
energy is used in farm production processes t o  do such things as power 
machinery and equipment, irrigate , heat livestock facilities.and dry 
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grain. Th� remaining 55 percent is used in the p ro duct ion of  the needed 
farm supp lies such as fertilizers ,  pest icides, herb icides and fungi-
cides. The total energy used by agriculture for p roduct ion purpo�es 
account s fo r approximately three percent of the United States consumption 
of energy , McKinsey , Jr . ( 1 975) .  
If the transportation o f  agricultural products , processing , 
retailing , and the many other preparatory pro�es s es which occur to the 
agricultural product prio� to consumption are included , an additional 
13 percent of the energy consume� by the United States is accounted for . 
There fore the food pro duction and proces sing s ector accot.mts fo r approx!-
(' 
mately 1 6  percent of total United States' energy consumption , USDA 
(19 7 7 ) ; Rogers et al.  (1977) e 
The United States is the world's larg est energy consuming country . 
'--\ 
The United St ates consumes eight times as much energy as the rest of the 
world on a per capita bas is , Dvoskin et al . ( 1 9 76) . In 1 975 the United 
States had f ive percent of the world's population and consumed 29 per-
cent o f  the world's energy . The Sino-Soviet b lo ck in 1 9 75 consum ed 
approximat ely 2 5  percent of the world's energy with 2 8  p ercent of the 
world's populat ion, Duncan et al . (1 97 8) . However, the United States 
produces approximately 17 percent of  the world ' s  food s upply
,
,
. 
Bashford 
et al. (1977) o 
10 
The United States' energy productivity cap ab ilities were sufficient 
to meet its demand until approximately 1 950 . Since 1 950 the United 
State s has grown increasingly dependent upon foreign resources . By 1 960 
the United State s was consuming 15 percent more energy than it was 
capable of  producing, and by 1 9 73 the United States  was import ing 35 per­
cent o f  its total needs, Dvo skin et al. ( 1 9 7 6 ) 0  
I n  1974 gasoline was the maj or energy s ource f o r  agricultural p ro­
duc�ion, accounting for approx.imately 44 percent of all expenditures for 
energy. Although the use of diesel powered machinery is increasing, only 
22 . 4 percent of  the energy dollar was spent on diesel . Do llars spent on 
ele ctricity ranked third at . 1 9 . 6  percent and liquid propane gas ranked 
fourth at 10. 6 percent . Gasoline, dies el fuel, electr icity, and propane 
gas combined accounted for 96 . 7  percent of every energy d ollar spent on 
energy fo r agricultural productiqn in the United States, Rogers et al. · 
(1.9 7 7 ) . 
South Dakota has resources to provide electricity, p etroleum oil, 
and coal, however, electricity and petroleum are the only two energy 
sources being derived from the state ' s  natural resources at this· t ime. 
South Dakota ' s  production of oil amounts to approximately 450 , 000 barrels 
per yearc In 1975 South Dakota produced 1 1 . 7 b illion kilowatt·hours of 
e lectricity0 Hydro-generating f
·
acilities p roduced_ approximately eight 
billion kilowatt-hours . ·Facil�ties for converting fossil fue ls to s team 
which ultimately generates electricity, produced the remaining 3 . 7  bil­
lion kilowatt s, South Dakota Office of Energy Policy ( 1 97 7 ) . 
South Dako ta's agri culture has also experienced the shif t from 
human and animal power to mechanized agri culture , with an increas ing 
reliance on energy and energy-related products . In 1 9 74 South Dakota 
1 1  
7 8 consumed 8 . 902 x 1 0  gallons of gasoline , 1 . 04 4  x 1 0  gallons of diesel 
f uel , 15 , 000 gallons of fuel oil , 3 . 1 33 x 1 07 gallons of liquid petroleum 
8 8 gas , 1 . 5 00 x 1 0  cubic feet of natural gas , 2 . 460  x 1 0  kilowatt•hours o f  
e le ctri city and 1 40 tons of coal for on-farm , agr icultural production 
p urposes . This includes all energy used for the p roduc tion o f  crop s and 
lives tock for field operations , crop drying , irriga t ion , f eeding , heating 
of facilities , automobile use for farm b usines s  and all o ther crop'. and 
lives tock pro duction processes . · 
Averag e price per unit of energy-related agri cultural inputs paid by 
Unit ed S tat es' farmers in 1 9 7 7  was as follows: gasoline - 46. 7¢/gallon; 
diesel fuel - 4 3 . 0¢/gallon ; liquid petroleum gas - 36 . 5 ¢/gallon ; elec-
tricity - 4 . 03¢/ kilowatt•hour ;  natural gas - $1 . 5 3 /MCF ; nitrogen -
18¢/p ound; phosphate (P2o5 ) - 1 8  • .  8¢/pound; and p otash (K20 )  - 8 . 1¢/pound, 
Economi cs , S t atis tics and Cooperatives Service USDA ( 1978) . 
As prices o f  energy inputs increased , f armers introduced various 
energy-saving techniques into produc tion operations. Minimum tillage , 
·reduced tillage and no t illage have gradually peen used t o  replace con-
ventional tillage. In 1 975 reduced tillage amounted t o  nearly 35 . 8  mil-
lion acres , minimum tillage amounted to about 2 9 . 4  mi llion acres and no , 
tillage amol.lllted to approximately 6 . 4  million acres . Convent ional 
tillage s t ill remai ns the mos t common means of  tillage p ractices , 
account ing for approximately 21 8 . 2  million acres , Wynn ( 1 977 ) . 
With reduced , minimum , -and no-till tillage p ractices , increased use 
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of chemicals has been required to maintain proper weed and insect control. 
Sources do not agree on the trade off between energy c onsumed in the 
manufacture o f  pe sticides and the energy saved with the reduced tillage 
p ra ctices; however , many sources agree a net s aving s o f  energy results 
w ith reduced tillage if proper pe sticide app li cat ion is used, Wynn (1 977) . 
Energy savings alone have not been sufficient t o  encourage a large shift 
to reduced t illage . As reduced tillage requires b etter farm management 
and different equipment , the transition Lo reduced t illage by United 
States agriculture is slow , Dvoskin et ale ( 1976) . 
Along with changing energy costs and changes in farming pract�ces , 
the ene rgy cris is has also encouraged new research and development for 
agricultur al energy. The National Task Force on Agricultural Energy 
Research and Development ( 1976) listed the nat ional agricultural goals 
for energy research and development as follows. : 
1) To "insure adequat.� , reliable , and economic s ources of energy." 
2) To "produce raw materials suitab le for producing energy." 
3) To "achieve energy efficiency in product ion , processing , 
·marketing and use of farm and forest products; in the managing 
of natural resources; and in the development of rural communities." 
4) To "minimize adverse environmental impacts from energy use and 
development." 
5) To "conserve energy . " 
6)  To "substitute renewable or non-critical energy sources f or 
d 1 " petroleum an natura gas. 
The Task Force stated , "If energy needs for the nation's agricultural 
life-sources appear in jeopardy, the agricultural research and 
13 
development syst em must act . To act effectively the system must foresee 
energy needs and sources . If future shortages appear likely, the agri­
cultural rese arch and development system must look into the deve lopment 
of alternative or improved energy sources and help t o  r ethink national 
energy priorities", Miller (Winter 19 76-77 ) . 
The two most critical periods of fuel availabi lity f or farmers are 
the planting season and harvest seas ons . F lexib i lity achieved through 
various tillage equipment and methods allows greater adaptability to 
ene rgy sho rtages for the planting season than is pos sibl e for the 
harvest s eason , Lacewell ( 1 975 ) .  
Lacewell ( 1 9 75)  fotmd in a· study that farmers would harvest the 
crops with the greatest financial net return (market value - harvest 
costs) f irst . The priority of the harvesting sequence would be based on 
f inanc ial net returns obtainable from the given crop. The crop yielding 
the smallest f inancial net .. return would be harvested last when energy 
supplies are insufficient. 
Energy consumption for farm operations wi ll vary between farms and 
between energy types . Various factors inf luence energy consumption. 
These factors include , but are not limited t o , such factors as soil type, 
amount of moi st ure in the soil , depth of t illage, speed o f  operation, 
compatibility o f  the power source and the implement, he ight and thick­
nes s of stand and moisture content and maturity of the crop. 
Energy consumption varies between energy sources as each source 
yields a different amount of energy for a given quantity , South Dakota 
State Planning Bureau ( 19 76) . Frith and Promersberger ( 1 974) estimate 
that it takes e73 gallons of diesel fuel or 1.20 g allons of liqu id 
344508 
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propane gas to equal the power provided by one gal lon of gasoline . 
Irrigat ion accounted for approximately 2 3  p ercent o f  all energy con-
awned in crop product ion in 197 4, Wynn ( 1 97 7 ) .  Over 35 million acres 
were irrigated in the United States with over 69  million acre feet o f  
water pumped from wells in 1 9 74 .  Electricity provi ded the s ource of 
p ower for irrigating approximately 15 . 6  million a cres , natural gas 
approximately 1 0 . 6  million acres , diesel 3 . 9 million a cres , liquid 
p etroleum gas 3 . 3 million acres and gasoline 1 .5 million acre s . This 
accounted for 19 billion kilowatt•hours o f  electricity , 132 billion 
cubic feet o f  natural gas , 1 78 .m:P.lion gallons o f  diesel fuel , 2 3 7  . 
million gallon s  of liquid propane gas , and 7 1  million gallons. o f  
gas oline being consumed in 1 9 74 , Sloggett · ( 1 9 7 7 ) . 
Irrigation efficiency (available water to the p lant • total water 
pumped) i s  a function of the type of irrigation system b eing used. 
Surface irrigation effici ency varies between 3 0  and 7 0  p ercent , averaging 
approximately 60 percent . Runoff.reuse system efficiency is appr oxi- · 
m ately 85 percent .  Sprinkler irrigation efficiencies average approxi-. 
111ately 75 p ercent with a range of 60 t o  9 0  percent , although 85 percent 
i s  the approximate efficiency of center p ivot systems . Tr ickle irriga-
tion effici en cy range is 75 to 95 percent with.an average of  about 90 
�ercent , Gilley and Watts ( 1 9 77 ) . 
energy consumption , are as follows : 
Some factors, which affect irr igation 
quality o f  wat er, s ource of water , 
(surface or  well), depth of well, type o f  distribution sys tem ,  and motor 
and pump efficiencies , Commoner et al.  ( 1 9 74) . 
Irrigation in South Dako ta is becoming incr easingly more important . 
There a re two basic reasons for South Dakotans to irrigate. First , 
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irriga tion reduces risk , allowing more accurate inc ome p redic tion . More 
s table crop yields cause mo re s table cash· flows . Second , irrigation 
wi th proper management will yield greater direct net returns, Aanderud 
(1970). 
South Dakota projec ted . irrigation acreage for 1 97 6  to taled approx!-
mately 177,205 acre se  Electricity was used to  irrigate an estimated 
110,217 acres , 62.2 percento Diesel fuel was used to  irrigate an es t i-
mated 40,114 acres , 22. 6 percen t .  Propane accoun ted for an es timated 
20,707 acres , 1 1 . 7 percent . Gasoline and natural gas accounted for an 
est�mated 401 9  and 1366 acres respectively , accounting for 2 . 3 and 0 . 8  
p er cent respectively . Other sources including gravity and flowing well 
pressure were used to irrigate an estimated 7 80 acres , 0.4 percent , 
South Dakota Department of  Natural Resource Development Division of 
Water Rights ( 1976 ) . 
Grain drying is an energy intensive operat ion wi th costs  which are 
, 
a function of type of grain , beginning mois ture c ontent , f inal mois ture 
content , cos t of energy , weather conditions and type of drying sys tem ,  
Wynn (1977). Four drying sys tems ranked from low supplemental energy 
input s to high ar e as follows: "I) natural air drying ; 2) low 
temperature in-bin drying; 3) medium temperatu�e air f low in-s torage-bin 
drying; 4) high temperature-high air flow drying" , Wynn ( 1 97 7 )  • . 
Energy requirements increase and ef ficiency decreases as the speed 
of drying increases , Commoner et al . ( 1974) . An est imated 1 2 . 6 bushels 
of co rn can be dried wi th one gallon of liquid propane gas , removing 
10 p er centage points of mois ture , us ing a combj.nation sys tem .  This 
system removes five percentage points through batch or continuous flow 
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drying, two points through dryeration and three percentage p o ints with 
aerat ion. Using a much fas ter sys tem of drying , batch or cont inuo us 
flow with coo ling in the dryer , an estimated 6.5 b ushels o f  corn can be 
dried wit h one gallon of liquid propane gas , removing 1 0  p ercentage 
points  of moi s ture . Various other drying speeds and techniques may 
yield drying efficiencies other than the above mentioned methods , 
Council for Agr icultural Science and Technology (1975). 
Farm census data for 1 974 yield the �reakdown of some of  the major 
ene rgy c onsuming farm equipment in S outh Dako ta .  S outh Dako ta had 
113,241 tractors , 1 3 , 94 1  combines (with an addit ional 5 , 386 corn heads 
for the combines ) ,  and 1 2 , 960 corn pickers and picker-shellers in 1 97 4 .  
There were 13,853 balers , 4,445 mower conditioners and 1 1 , 254 shear bar/ 
flywheel fo rage harves ters in South Dako ta in 1974. South Dakota also 
had 23,144 s elf-propelled or p�ll-typ e windrowers in the s tat e ,  
Implement and Tractor ( 1977 ) . 
In 1976 there were a total of 1 75 8. irr igat ion sys tems in South 
Dakota . Fo llowing is a breakdown of  the type o f  system and total number 
of each type of sys tem for 1976 : gated pipe - 230 ;  s iphons - 49 ; 
center p ivot - 690 ; hand moved sprinklers - 159; p ortab le booms - 45; 
flood - 264; hydromatic - 3; j et gun - 1 46 ; towlines - 1 5 5 ; s idewhee l 
roll - 16; tri ckle - 1. The dominant typ e of  system is  the center p ivo t 
with flood irrigation being the se cond most dominant , Department of 
Natural Resour ce Development Division of  Water Rights ( 1 976) . Wallace 
G. Aanderud ( 1 970) , Economis t-Farm Management ,  s tates, "Co sts  of produc­
tion ar e cons istently higher for the center pivo t sys tem than for mos t  
other irrigation systems because o f  higher fixed cos ts  and water pump ing 
co sts . "  Information on the number of grain dryers within the s tate i s  
unavailable . 
Connnercial fer tilizer use in 1970 for the world was 6 8 . 1 million 
metri c t ons . Ni trogen fertili zer accounted for 3 1 . 7  million metric tons 
or 46 . 6  p ercent of the total . Europe used 3 7  per cent and 30 percent of 
the NPK [nitrogen (N) ,  phosphoric acid (P2o5 ) ,  potash (K2o )J and nitrogen, 
respec t ively for 1 970 . North America followed wi th 24 percent and 24 
p ercen t resp ectively , followed by the USSR with 14  and 1 5  p ercent , 
respectively . Asia , les s Japan , accounted f or 8 and 1 1  p ercent , 
respe c tive ly ; Latin America accp1:�ted for four and four p ercent , 
respec tively ; Africa accounted for two and three percen t , respectively. 
and Oceania 2 and 0 . 5  percent , respectiveiy . Europ e , North America and 
USSR accounted for · 7 5  and 69 �er cent of the NPK and ni trogen use 
respec t ively . 
World fertilizer use is continuing to expand as  the world demand 
for foo d  grows . Tot al world use o� NPK increased f ourfold between 1950 
and. 1 97 0 .  World use is expected · to double again between 1 97 0  and 1985 • 
.Nitrogen use increased sevenfo ld between 1950 and 1 970 and i s  also 
expected t o  double again between 1970 and 1985 . 
The propor tion o f  the world's natural gas which was u sed f or·produc-
t ion of nitrogen in 1970 was 8 . 4  per cent and has b een expected to rise 
to 1 2.7 percent by 1985 . In the Uni ted S tates the natural gas used for , 
nitrogen production was s ignificantly lower a t  two p ercent o f  the to tal 
natural gas consumption of the Uni ted S tates. 
Supp lies of phosphate and po tash have b een limited due only to 
limited production facilities . Unprocessed supp lie s  of each are 
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abundant , Univers i ty o f  California Food Task Force ( 1 9 74) . 
In the United S tates , over 40 percent  o f  the energy input for crop 
production came from fertilizer in 1974.  Fert i liz er was applied to 94 
percent o f  the total corn harvested acres , 79 p ercent of the co tton , 66 
p ercent of the wheat and 30 percent of  the soybeans , Wynn (1 9 7 7 ) . In 
1 974 S outh Dakota used 99 , 1 00 tons of  ni trogen , 7 4 , 897  tons o f  phosphate,  
and 8 , 436 tons of  potash , Economic Research S ervice USDA ( 1 976) . 
Pes ticides are currently being used extensively in the world to 
protect crops and livestock.  Pesticides include h erbicides , insecti-
c ide s , fungicides , rodenticides . Pnd other s . In 1 971 the Uni ted S ta�es' 
consumption of pesticides by cost  was 41 percent o f  the total world's 
consumption . United S tates' consumption as a percentage of the world's 
consumption of herbicides , insecticides , fungicides  and other pes ticides 
was 56 p ercent , 26 percent , 19-percent , and 63 percent , respectively , 
Univer sity of California Fo9d Task Force ( 1 9 74 ) . In 1 9 74 S outh Dako ta 
consum:d 4629 . 5  to�s of herbicide·, .823 tons o f  insecticide and 3 1  tons 
of �ungicide for agricultural purposes , Economic Research S ervice USDA 
( 1 976 ) . 
·The Iowa Department of Agriculture and the Iowa Energy Policy 
Council in conjunction with the Iowa Crop and L�ves tock Reporting-Service 
have in the previous few years conducted an annual survey of  farmers and 
ranchers to  determine farm and ranch energy consumption . The results o f  
f 
the Iowa Survey indicate a decrease in energy consumption for mos t  of 
the major farm fuels in 1 97 7 . The survey included the following energy 
sources :  diesel , gasoline , liquid petroleum gas , fuel oil� natural gas , 
electrici ty , coal and wood.  All of these excep t  diesel fuel , electrici ty 
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and wood , decreased in consumption. Diesel fuel consumption increased 
2.3 percent in 1 97 7  wi th 15 8 . 9  million gallons used . Gasolin e  consumpt ion 
decreased by 7 . 0  p ercent wi th a total of 2 04 . 2 mi llion gallons consumed . 
Electri ci ty consumption increased 2 . 9  percent t otaling 2 , 5 36.0 million 
kilowatt • hours consumed .  A decrease in fuel oil and natural gas o f  4.7 
p ercent and 3.0 p ercent , respectively was no ted for 1 9 77 , with these 
fuels b eing p rimarily consumed in the non-farm cat egory of  home heating . 
Iowa crop production consumed 127 . 6  million gallons of  gasoline , 
1 34. 5 million gallons of diesel fuel·and 67 . 9  million gallons of liquid 
petroleum gas in 19 7 7 .  Crop dry�ng in Iowa constnned 33 p ercent o f  the 
total energy used in crop production during 197 7 . Iowa f arms dried , 
through mechanical means , 7 85 million bushels o f  corn , or 72  percent of 
the to tal corn crop. kn avarage of 8.0 p ercentage poin ts of moisture 
was removed , consuming 67 , 45 3 , 000 gallons of liquid petroleum gas and 
1 36 , 8 1 8 , 000 kilowatts of el�ctricity. This does not include corn dried 
by elevators for the elevators' OWI?- purposes • 
. The 1 97 7  survey was a subsample of the 19 76 sample. The survey was 
stratified with 22 different strata being deve loped. The survey used 
crops , hogs , cat tle , sheep , · hens and pullets o f  laying age , broilers , 
and turkeys for strata classif ications . The to tal number o f  farms-
sampled was 64.2 , o f  which 2 4  were no t tabulated because the individual 
contacted had ceased farming. These 642 farms came from the origina l , 
group o f  1 , 009 in the 1 9 76 survey . The survey was conducted by personal 
interview during the early spring of 1 97 8 ,  Iowa Cr op and Livestock 
Reporting Service ,  Iowa Department of Agriculture (1 97 7 and 1 978) .  
Th e  "Energy Consumption In Louisiana Agricul ture" survey was _ 
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conducted to determine the energy Louisiana's agriculture was c·onsuming. 
Inquiry forms with personal interviews were used to collect data. A 
mail-out survey was sent to farmers and personal interviews with farmers 
were held to verify and complement the mail-out questionnaire. Farmers 
to be surveyed were provided by the county agents, except for poultry 
producers whose names were obtained by a poultry company in Louisiana. 
Infcrmation derived from personal interviews was generally more t horough 
and comple·�e than the mail-out questionnaires. 
"The following methods were used in analyzing information from farms 
producing more than one connnodity: 
l) A percent of the total fuel (s) that went toward each commodity 
was estimated by the farmer. 
2) The percent of the total acreage for each commodity was <letermint=<l. 
3) An estimate was made on a per acre basis of how muc� fuel, 
tractor time and/or_type of work each commodity required. 
4) Farmers estimated the rate of coverage per tractor/harvester 
operation and number of trips over the field. 
5) Energy requirements for multiple connnodity farms were compared 
to farms producing single connnodities. 
6) Farmers were recontacted for additional information or 
clarification of information reported. 
After the information from each farm was evaluated, the data were 
, 
filed according to commodity type. Analysis of each commodity was col­
lectively made by combining the different farm samples," Nolen et al. 
(1976). 
Kansas and Nebraska received joint funding from the Federal Ene rgy 
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Administration to : 1) develop a limited ,  trial , voluntary statewide 
energy conservation program for on-farm production agriculture; and 2) 
conduct a fuel use survey on a limited number of farms in the two stat es .  
The survey in Nebraska was conducted with the assistance o f  the Coopera­
t ive Extensi on Service and 1 08 farmers and ranchers . Fuel met ers were 
ins talled on the f armers' fuel tanks and energy use handbooks were given 
to the individual farmers for the purpose o f  maintaining fuel use records 
for variouJ operations . 
Farmers from 30 countie s  were chosen by the individual county agents 
from thos e  counties to assist in the survey. A degree of reluctance.was 
noted as farmer s were afraid the ·program was associ ated with fuel alloca­
tion. The Nebraska tes t determined that an energy management program is  
pra ctical and p rofitable , Bashford et al. ( 1977) . 
Crop pro duction has played-a vital role in South Dakota' s economy 
and in South Dako ta's agricll:1ture . Some o f  the major crops g�own in 
South Dakot a  consist  of: corn , whe�t ,  soybeans, oat s , barley , rye , flax; 
sorghum , sunf lowers , potatoes , hay and alfalfa . 
In 1975 South Dakota ranked second in rye and f laxseed production , 
third in durum wheat , twelf th in all wheat , second in oats , sixteenth in 
corn , s eventh in b arley , sixth ·in both alfalfa seed and hay , twenty­
second in s oybeans , and thirty-second in p ot at o  product ion , South Dakota 
Crop an d Livesto ck Reporting_Service (1 9 75) . 
In 1 9 75 S outh Dakota produced 83 , 2 50 , 000 bushels of  corn and 
5, 760 , 000 tons of corn silage; 63 , 294 , 000 bushels o f  wheat; 98, 120,000 
bushels of  oat s; 1 7 , 670 , 000 bushels o f  barley; 2 , 346 , 000 bushels of  rye; 
4, 1 76, 000 bush els of flaxseed and 8 , 425 , 000 bushels o f  soybeans . 
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South Dako ta also produced 6,162,000 bushels of gra in s orghum and 
262,000 tons of s orghu m s ilage in 1 975, S outh Dako ta Crop and Lives to ck 
Reporting S ervice (1 975) . 
Estimated energy consumption for 1 975 South Dakota agriculture i s  
unavailabl e .  However, the Economic Research S ervice, USDA ha s est ima tes 
of fuel consumpt ion by fuel type during 1974 f o r  all  s tates, _Economic 
Research S ervice USDA, ( 1976) . 
THEORY 
South Dakota agriculture periodically mus t make adj ustments to 
changes in p rices of outputs and /or pri ces of  input s . As the price of 
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an input vari es , a profit-maximizing entrepreneur will emp loy units of a 
variab le produc t ive servi ce until the point is reached at which the 
value of the marginal produc t (VMP) of the input i s  exactly equal to the 
input price PX .. 
Therefore , given the marke t price or t he supply curve of t he 
input to the firm, a perf ectly competitive producer determines. the 
quantity o f  the input to utilize . by equating the value o f  the marginal 
product o f  the input to the price of the inp�t . Therefore , the value 
o f  the marginal pro duc t curve is es tabli shed as the firm ' s demand curve 
for the input X ,  when only X is variable . 
As the p rice of the input X changes (APX) ,  the change in the _value 
o f  the marginal p roduc t (ti.PBMPX) must equal (ti.PX) i f  the same level of 
X 
is t o  be emp loyed . If the MPX is fixed , then the price o f  the output 
B (P�) mus t increase (which mus t  be caused by a shi f t  in the demand for 
PBMPX = PX 
(PB + APB)MPX = PX + ·ti.PX 
MPrB + APBMPX = PX + ti.PX 
1 APB = AP 0 -X MPX 
B) in an equal proportion to PX if the same leve l o f  produc tion is to be 
maintained , ceterus paribus . 
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Where sub s t i tution of input s  o r  outp uts can o ccur , various · comb ina-
PX Py t ions are po s s ib le . At profit maximi zing equilib rium PB = �- = 
?-IP X MPY 
PX Py i f  the PX inc reases then the �- > �- = PB . Therefore the quan t i ty o f  MPX .MPy 
X c onsumed de creas es caus ing the marginal produc t o f  X t o  in crease .  Thi s 
. the 
PX to decrease ,  _so 
PX Py causes ra tio MP MP aga in approaches MP = PB . x x y 
However , a s  a change in X occurs , a change in the MPY o c curs . I f  X and 
Y are s ub s titutes , (+) �X yields (- ) �y i f  X and Y are complemen ts , 
(+) llX  y ield s (+) �MPY . 
Therefo re , when one input replaces ano the r  inp u t  the combina tions 
· which o ccur wi ll depend upon the relat ionchi p  b e tween the inpu ts . I f  
.the PB+ and the price of all inputs remain con s t an t , n o  subs t itution 
betwe en inputs will occur . . However , a sub s t i tution between outputs will 
occur , with more inputs being dire cted toward the product ion of B .  This 
sub s t i tut ion will occur unti l VMPX/� = VMPX/A ' where VMPX/A = the value 
of the marginal product of X in produ cing all o ther o u tp ut s . 
To determine the proper input mix a producer mus t  b e  aware o f  
relat ive input prices to minim�ze the co s t  of p roducing a g iven output 
or maximize ou tput for a given level of cos t .  Con s i dering the variable 
input b e ing s tudied as X, and all o ther variab le inputs as Y ,  the marke t 
PX input p ri ce ra t io p-- tells the producer the rate a t  whi ch he can subs ti-
y 
tute one input for ano ther (or group of o ther inp u t s )  in pur chas ing 
inputs . The relat ive MP of each input X and Y mus t  be recognized to 
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minimiz e  the cos t  of producing a g iven output or maximi ze ou tput for a 
given level o f  co s t . The marginal ra te o f  technical s ub s t i tut ion is the 
MPY rat io o f  the marginal produc ts (MRTS f = MP 
) . The MR.TS t ells the X or Y X 
producer the rate at which sub s t itution in product i on can o c cur . To 
minimize c o s t  subj ect to a given level of output and input p ri ces , there-
fore , the p roducer mus t purchase inputs in quantities s uch that the 
MR.TS of X for Y is equal to the input p rice ra t io ( the price of Y to tne 
price of X) . Input s should be employed therefore in the proportion 
MPy Py 
which ensures MP = p o 
x x 
When more than one output can be produced from a g iven input the 
rate of product trans format ion . (RPT) mus t be dis cus s e d . The ra te of 
product t rans formation is the rate at which ·outp u t  A mus t  b e  sacrificed 
to ob tain mo re B ,  or vice ve�sa , wi thout varying the inp u t  of X.  The 
RPT equals the ratio of the margina� cost of A(MCA) t·o the marginal cost 
of B {MCB) in t erms of X,  at a given combina t ion o f  A and B. The RPT 
also equals the ratio of the MPX in producing A to the MPX in producing B . 
· �A MPX/A MCA RPT 
-= - n· = MPX/B = MCB 
MCA , MCB , MPX/A '  MPX/B > 0 
South Dako ta agricultural pro ducers may make adj us tments in 
outp ut or input combinations as the prices of inp u t s  o r  outpu ts vary . 
The adj ustment s  whi ch may be expe cted when one of tho s e  input s  (energy ) 
varies i s  dis cussed in this paper . How this outpu t comb ination changes 
in response to various output price levels is �ls o d i s cus s ed in this 
pap er . 
The demand for energy is a derived demand an d i s  a funct ion o f  
outpu t f (Q t t ) .  There fore ,  the demand for energy depends on the OU pu 
level of pro duc tion , the sub s t i tution pos s ibilities ava ilable fr om the 
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various input s  g iven the production technology , and the relat ive pric e s  
of t h e  inp uts . Therefore , i f  the pos sibili ties o f  sub s t i t ut ion between 
ene rgy and non energy inputs is limited and d i f f i cult , indus tries may be 
expected to sh i f t  to non energy intens ive output s as ene rgy input prices 
in crease and a chang e in the technology of the indus t ry may also o ccur , 
Brend t and Woo d , ( 1 9 7 5 ) . 
Brendt and Wood found for manufacturing type industries the 
following : 1 )  the demand fo r energy is ine la s t i c ; 2)  ene rgy and labor 
are s ligh t ly s ub s t i tutable ; 3) energy and capital are comp lementary 
factors , and 4) cap i tal and labor are sub s t i tutab le . Thes e  results imp ly 
that i f  ene rgy prices rise relative to other factor prices , produc t ion 
pro ces s es will be altered to . be come more labor in tens ive and les s  energy 
and capi tal int ens ive . To the exte�t th at manufac turing and agricul-
t ural production are comparab le , similar resul t s  may be exp e c t ed for 
agricul ture e 
Various s tudies , using linear programing and input-output analys is , 
have analy zed the effects of changes in ene rgy price s . The Univers 1 ty 
of Missour i-Columb ia examined po tential adj us tmen ts whi ch Midwes t grain 
farms might make as hi gher energy prices oc cur . The s tudy es t imated 
change s in sp e ci f ic en terp ri ses and changes in product ion prac tice s  
whi ch would o c cur as energy prices changed from zero ( free energy) t o  
f ive t imes 1 9 75 prices . Output price s used were the f ollowing : corn -
$2 . 1 5 /bushel ; s oyb eans - $4 . 7 5 /bushel , and wheat - $ 3 . 00/bushel .  
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The s t udy reve aled a t  higher energy p ri ces , a creage substi tution 
occurs f ir s t from corn and double cropped s oybeans-wheat to s ingle crop 
s oybeans , then to s ing le crop wheat . Corn , a large user o f  energy , is 
s uited bes t for low energy pr ices . Soyb eans , whi ch uses relatively le s s  
energy than corn , competed bet ter at higher energy p r i c e s . However , 
wheat ,  a low energy demanding crop , relative to corn and s oyb eans , 
di splaced both corn and soybeans at high energy prices o 
The s �udy also revealed fertilization rates , particul arly for co rn ,  
varied subs tan t ially . At relat ively low ene rgy prices f e rt ilizat ion of 
corn wi th commercial fertili zers was relatively heavy . At high energy 
pr ices al l fertilization was organic , coming from a cat tle f e ed ing 
p rogram incorp o ra ted in the linear pro gram. 
The change of tillage prac tices in respons e to the e f f e c t  o f  higher 
energy p rices on the pri ce of chemicals was noticeab le o  A no- t illage 
sys t em whi ch uses rela tively �arge quantitie s o f  chemicals was used only 
when ene rgy prices were low . At hig?er energy p r i ce s  · a swit ch was made 
to minimum t illage ( 1 5-inch rows ) , and at s t ill higher ene rgy p r i c es 
mechanic al weed control was substituted for chemical weed control . 
Fuel con sump t ion was found to be very inela s t i c  with r e s p e c t  to p r ice 
and chemical c onsump tion was le ss ine las t i c , Klieben s t e in and Chavas 
(1977) . 
A s tudy c onducted at Michigan S tate Universi ty examined the effect 
of increased energy prices on corn and soyb ean p rodu c t i on  in s outh­
eas tern Michigan . The s tudy examined the effects o f  in creas ed crude oil 
prices and natural gas prices as corn and s oyb ean p r i c es rema ined con­
stant at $ 2 . 2 5 /bushel and $4 0 5 0/bushel respectively . The s tudy examined 
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natural g a s  de control , crude o i l  decontrol , and natural g a s  and ·crude oil 
decon trol combined . 
The resul t s  of the s tudy indicated that natural gas p rices would 
have to double befo re a signifi cant change in corn acreag e  would occur . 
The e f f e c t  of p r i ce increas es of crude oil on corn acreage were also 
insignificant . The e f fec ts of increased prices o f  crude o i l  and 
natur al gas prices individua lly did , however , reduce net p ro f i t s . 
As b o Lh natural gas prices and crude o il prices in creas ed 
s imul taneously , a s low rate of sub s titution o c curred from corn to 
soybeans a t  corn pric es of $ 2 . 25 /�ushel and s oybean p r i c e s  le s s  than · 
$ 5 . 00/buohel .  At soyb ean prices higher than $ 5 . 00/bushe l , sub s tanti ally 
larger d e crea s e s  in corn acreage occurs as ene rgy p r i ces in creases . 
Liquid p ropane ·gas and ni t.rogen use decline d  with either changes in 
the s oybean-corn price ratio , or- in the abs olute . p r i ces o f  crude o i l  and 
natura l gas . Changes in the _soybean-corn pri c e  rat io had a subs tantially 
greater e f f e c t  than a change in the .absol�te p r i c e s  o f  crude o i l  and 
natural gas , Lehrmann , Black , an d  Connor ( 1 976 ) . 
The impac t of increased energy cos t s  on the lo cati on o f  crop pro-
duction in the co rn belt was s tudied by Swans on and Tay lo r  ( 1 97 7 ) . The 
s t udy used linear programing to inves tiga te the imp act s . The crop s · 
competed for land in each land control uni t  and the mode l  s ought tho se 
combina tions o f  crops and pra ctices that would maximi ze re turns to land . , 
The higher prices of energy-related input s changed the basis on which 
the com.p e t i tion o ccurred . The s tudy found in thr e e  land resour ce areas 
small gra ins gained in comparative advantage agains t corn and s oybeans . 
Thes e areas repre s ent the wes tern edge o f  the corn b elt in Nebraska ,  
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the Dako tas , and the clay pan area of I llinoi s . 
The energy- intens iveness o f  a crop is sub s t an tially increased when 
a crop is irrigat ed . The ef fe c t  of increas ed energy prices , specif ically 
natur al gas , on irriga ted crops in the Oklahoma Panhand le was s tudied by 
Mapp and Dobbin s , ( 1 9 7 6 ) . Ris ing natural gas pri ces increas e  the co st 
o f  pump ing ir riga ted wa t er and , ceteris p aribus , reduce the l evel of net 
returns a s so ciated wi th irrigated crop produc tion .  Th e  s tudy f ound a 
shi f t  from irrigated crop production to dry land crop product i on o ccurred 
as ene rgy prices in creased . About a two-third s reduct i on in net r e turns 
accomp anied rising natural gas prices and the re turn t o  dryland 
produc t ion . 
Although relat ively lit tle natural gas i s  used f or irrigat ion in 
South Dako ta (0 . 9 perceut of the to tal South Dako t� irrigated �cre�ge) 
various f o s s i l  fuels were the direct energy s ourc e f or 4 0 . 1 . p ercent o f  
the irrig a t ion whi ch oc curred in 1 9 7 6 . Electricity was the maj or energy 
s ource fo r 55 . 2 perce� t  of the irrigation in 1 97 6 , So uth Dako ta Dep ar t-
ment of Natura l Resource Development , Divis ion of Water Righ ts ( 1 97 6 ) .  
As the p ri�e o f  the se energy sources increas e ,  s imil ar resul ts may be 
expe cted f or South Dakota irrigat ion . 
As relat ive commodity price·s change ,  shi f t s  in crop p roduct ion . 
occur as well a s  shi f ts in energy consump tion . Lehrmann , Black and 
Connor ( 1 9 7 6 ) also s tudied the change in relative pri ce s o f  corn and 
, 
s oybeans . The s tudy ind icated the acreag e  in corn varies f r om 3 to 1 00 
p ercent a s  soybean p r i ce changes wi th corn p ri ce held cons tant . The 
s oybean- corn price ratio had to be greater than 1 , 9 : 1  b e fore s oybean s 
enter ed the s olu tion . Corn acreage decreased a t  an incr easing ra t e a s  
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soybean prices increased.  To tal energy consump tion declines as s oyb ean 
pri ces increased due to the shift in crop mix . 
Finally , the effect of increased energy cos t s  or reduced energy 
supp lies on connnodity prices and the constnner mus t  be dis cus sed . 
Dvoskin and Heady ( 1 97 7 )  used an interregional linear programing model 
to analyze changes in agricultural product ion under various energy 
s ituatiqns . The alternatives evaluated were the followin g : "A) a base 
rtnl , B) the minimi zation of total energy used in crop production subj ect 
to poin t  demands sp ecified for agricultural conmodities , C )  an energy 
shortage in the agricultural sector , D) higher energy prices , and E) a 
coinbination o f  high exports and high energy prices . "  
The model yielded different effects on connnodity pri ces between an 
energy reduction and a high energy price . A 10 p ercent n ati onal energy 
reduc tion for agricultural production caused a sharp increase in com-
modity prices . Doubling energy prices had a much smaller increase in 
commodity pri ces , dae largely to the. very inelastic  d emand for energy . 
Doub l�g energy pri ces caused only a five percen t  r educ tion in t otal 
energy consumed for agriculture . 
The 1 0  p ercent energy reduction alternative resulted in a 41 per-
·cent reduction in irrigated acres . · The doub ling of energy prices caused 
a 2 2  p ercent r eduction ln irrigated acres . Under high exports irrigated 
acres increased even when energy prices doubled . Energy u sed for irri­
" 
gation generally increases in proportion to increas es in yield . 
Increased energy co sts or reduced energy s upp lie s , a ccording to 
the s tudy , are likely to reduce irrigated acres and nitrogen applica­
tions . This would re sult in reduced crop yields and total agricul tural 
3 1  
� 
Lower agricul tural production would increase conmodity pro duction . 
prices , and because of the inelas tic demand for agricul tural p roducts , 
it would p robably result in an increase in net farm income , Heady and 
Dvoskin ( 1 9 7 7 ) . 
Adams , King , and Johns ton ( 1 9 7 7)  s tudied the effects on consumers ' 
and p ro ducers ' surplus under four cond itions for California grain crop 
and vegetable crop production . The conditions studied cons isted of the 
following : · A) the effect of statewide versus regi onally mandated energy 
allo tments ; B) the effect of in creas ed energy cos ts ; C) the effect of  
reduction in nit rogen supply ; D )  the effect of a reduct ion o f  both 
nitrogen and fue l  supp lies . 
A reg ional res traint yielded equal abs olute decreases in consumers ' 
an d  pro ducers ' surp luses . Increased energy costs showed producers ' 
surplus decreased more than consUm.ers ' surp lus . When abs olute reduc-
t ions in fertilizer supp lies o ccurred p roducers ' surplus was reduced 
and consumers ' s urp lus remained constant . When fuel s upplies  and 
nitro gen supplies were reduced simultaneously , producers ' s urplus 
remained the same and consumers ' surplus dropp ed sharp ly . 
The study showed from a po licy standpoint , the imp ac t of  comb ined 
energy reducti ons and high fuel cos ts suggests th�t sub s idization o f  
energy i n  some cases may be of more benefit to consumers than producers . 
Thi s  is as would be expected if the demand for the agricultural commodity , 
un der considera tion is inelas tic and the s upply o f  the commodity is 
elastic . 
All of  the studies concluded that as the price of  energy increased 
a subs t itution to less energy intensive crops o ccurred .  Irrigated 
r 
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cropp ing practi ces are rep laced by dryland crop p ing p ra c t i ces . As this 
cro p subs t itut ion takes place , labor is sub s t i tuted f or capital as 
demons tra t ed by the reduction o f  irrigation and a shi ft to dryland crop 
product ion . Labor and land become subs titute s  f or chemicals and 
f er t ili zers . The complemen tari ty o f  energy and cap i ta l  i s  demons trated 
by the reduction in irrigated acres and reduced t illa ge as energy prices 
increas e .  
The d �mand fo r energy in agri culture is a derived demand and is a 
funct ion o f  ou tp ut .  Energy and labor as wel l  a s  cap i tal and l abor are 
s ubs t i t ut e s . Energy and capital �re complements . Connnod i ty p rices 
increa s e  mo re r ap idly when energy supp lie s face phys i c a l  c ons traints 
than when price cons traints ar e f aced . Relative p r i ces o f  commodities 
prod uc ed a ffect ene rgy consumpt ion . As the price o f  less energy inten­
s ive crops increase s energy consumption decreas e s. . Finally , consumers ' 
and produc ers ' surp lus are a ffected differently f o r  var i ous ene rgy 
availabi li ty s i tua tions . The elasti�ity o f  the energy s upp ly and demand 
funct�ons wil l  influence future crop mix and p r oduct ion p ra c ti ces as 
well as commodity p rices . 
RESEARCH METHODS AND PROCEDURES 
The following research pro cedural guidelines we re es tab lished and 
followed to ob tain the necessary information for the research proj ect 
and to properly evalua te the information af ter i t  was ob tained . The 
eas tern part of the s tate of So uth Dakota was s tratifi ed according to 
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the f ive US DA Crop and Lives tock Reporting Service dis tricts in eas tern 
South Dako ta (Figure 1 ) . Two counties for each dis tri ct , considered 
representative of that dis trict by extension speciali s ts , as to produc-
ti on practices , crop mix , yields , and general geographic location , were 
chosen from which a random sample of farmers was drawn . Names of rural 
inhabi tants were ob tained from the county
_
agents o f  the respective 
sampled counti es . The lis ts of names received were ob tained from the 
county rural directories . A ques tionnaire and le t ter explaining the 
ques tionnaire (Appendix A) were sent out to 1500 (approximately five per-
cent of the eas tern South Dakota farm population) different addresses 
with a proportion being sent to each county , based on the county ' s con-
tribution to the total populace of the counties surveyed . 
Each letter of the firs t mailing of the ques tionnaire was sent 
under the classi fication of "addre ss correction reques t ed " to allow for 
incorrect addresses . The firs t mailing occurred during the las t half o f  
October , 19 78 . In the las t half o f  November a mai lir 3 o f  app roximat e ly 
" 
280 que s tionnaires was s ent out to al ternate names to correct for incor-
rect addresses and non-farm inhabi tants , and in the las t  half of 
December a second mailing oc curred which was sent to all addresses 
which had no t rep lied . This consis ted of  mai ling approximately 
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1430 ques tionnaires . During the las t half of January 90  ques tionnaires 
were mai led to correc t for mailings to non-farmer inhabi tants . 
Data were ob tained on the energy consump tion by amount and type 
for the following four clas sificatio�s : 1 )  to tal consump t ion ,  2) crop 
consump tion , 3) lives tock consump tion , and 4) general farm use . Da ta 
were also ob tained on the number of acres of each of the following crop s 
produced : 1 )  corn, 2) soybeans , 3) small grains , and 4) hay and alfalfa . 
Information was reques ted on the quantities of energy consumed for 
irrigation and crop drying . (Insufficient returns were re ce ived to 
all·)W any valid analys is of these · two op era tions , three re turns and 
fif teen re turns , respec tively . ) The da ta were analy zed us ing analyses 
of  variance to reveal signifi cant regional and crop effects . Di ffer­
ences in individual means , where appropri ate , were analy zed using 
Tukey ' s  w procedure , at a level of signifi cance or . OS .  
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RESULTS AND DISCUSS ION 
The resul ts of this inves tiga tion ar� based up on the analyses o f  
the information provided in the returned ques tionnaires and the micro 
economic theor ies of subs titution arid produc tion .  O f  the 1 500 question-
naires mai led out , a to tal of 136 usable resp ons es , 9 . 1 p ercen t , were 
received .  The number of questionnaires mailed , the number o f  usable 
respon s es and the percentage of responses for each of the f ive regions 
ind icate a fairly uniform response excep t f or region 5 , Table 1 .  No 
explanation can be provided for the lower respons e rate o f  region 5 . 
A resis tance to answer the questionnaire was no ted for all regions . 
Sixty-eight questionnaires were returned wi th an indication of  re fusal 
to answer or refusal to comple te all sections o f. the ques tionnaire . 
Table 1 .  Regional Response 'Rate to the Eas tern South Dako ta 
Energy Consump t ion Survey , ( 19 7 8 ) . 
Reg ion Ques tionnaires " . Comp le ted Percentage 
Mailed Ques tionnaires Response 
1 231  2 3 10 . 0  
2 292 33 1 1 .  3 
3 338 32 1 0 . 6 
4 402 38  1 0 . 6 
5 2 37 10  4 . 2 
To tal 1500 1 36 ' 9 . 1 
The validity of the s tatis tical analysis and the accuracy of 
resu lts ar e limited due to the small respons e to mail out ratio . The 
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probabi lity of samp le bias is increased as the to tal m.nnber of s·amp le 
returns rela tive to to tal samp le size is low . Irrigation and crop 
drying will no t be dis cus sed in detai l as insufficient responses were 
received regarding these two operations . Irrigator re turns were no t 
included in the ana lyses . Observations which included crop drying were 
analy zed , however , crop drying was no t analy zed separately .  Data on 
crop production will be reported on the basis of only those respondents 
producing tha t crop unless otherwise specified . 
S tatis tical Ana lys is 
The mean farm s ize of re turned questionnaires was 499 . 7 acre s with 
a standard deviation of 422. 1 acres . The larges t  farm sampled was 
3420 acre s , and the smalles t farm was 60 acres . The range in farm 
sizes  ther efore was 3360 acres . Surveyed farms contained a total · of  
67 , 964 acre s . 
Corn comprised 15 , 605 acres (24 . 0  percent)  o f  the to tal acres 
rep orted in the survey . The number of acres o f  corn produced ranged 
from io acres to 840 acres wi th a mean of 13 1 . 1 acres/farm and a 
s tandard deviation of  1 1 3 . 5 acres . Soybeans comprised 1 6 44 acres 
(2 . 4  percen t )  of the to tal acres . reported . Twenty-four respondents 
reported rais ing soybeans wi th a range from 1 0  acre s / respondent to 
300 acres /respon dent . The mean number o f  acres o f  s oybeans produced 
was 6 8 . 5 acres with a standard deviation of 6 5 . 0  acre s . Small grains 
acco\.lllted for 36 , 27 3  acres of the to tal (5 3 . 4 per cent ) .  There were 
126 farms which repor ted raising small grains . The number of acres of 
small grains produced ranged between 20 acres/respondent to 
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2800 acres /res p onden t .  The mean number of acres of  small grains
. 
pro­
duced was 287 . 9 acres with a s tandard deviation o f  34 2 . 0  acres . Hay and . 
alfalfa comprised 14 ,442 acre s of the to tal surveyed (2 1 . 2  percen t) . 
One hundred s eventeen farms pro duced hay o� alfal fa . Acres of hay or  
alfalfa produced ranged between 2 acres /observati on and 1 100 acres / 
observation. The mean number of acres of hay and alfalfa p roduced by 
al l hay and alfalfa producers was 123 .4 acres with a s tandard deviation 
of 176 .. 0 acre s . 
Da ta collec ted by regions are listed in App endix B .  A summary of  
the s tatis tical analys es of the �urvey re turns is given i n  Appendix 
Tables c
1 
through I .  Figures 2 through 13 supplement the s tatis·ti cal 
analyses . Regional influences on type of crop be ing produced were 
analy zed . App endix Tables c
1 
through c
4 
summari ze the analy ses of 
variance for eas tern South Dako ta crop product ion · by. region . The 
dependent variab les  being considered are the number o f  acres of a given 
crop being produced per observation� . S tatis ti cal comparis ons of mean 
corn a.cres /observa tion are summari zed in Table 2 .  
Table 2 .  Mean Corn Acres /Observation B y  Region (1 97 8) . 
(A) e OS (5 , 1 3 1) 
Region 2 
Acres 43 . 97 
1 
84 . 52 
5 
1 35 .  50 
4 
149 . 89 
3 
16 1 .  22 
Region R(2)  was s ignificantly different from R (4 )  and R (3) wi th 
R(2)  indicating the lowes t mean corn acres /observa tion a t  4 3 . 9  acres . 
Region R(3)  had the larges t  mean corn acres /obs ervat ion at 
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161.2 acres . Region R ( 4) indica ted the second larges t mean corn· acres / 
obs erva ti on a t  149 . 8 ac res . There were no s i gnifi cant dif feren ces 
between R(2) , R ( l ) and R ( 5 ) .  There also were no s ignificant di fferences 
b e tween R ( l ) , R (S ) , R (4) and R ( 3) . The aggregate mean was 1 1 4 . 7  acre s . 
S ta tis ti cal comparisons of mean s oybean acr es /observation are 
summari zed in Tab le 3 .  
Table 3 .  Mean Soybean Acres/Obs ervation B y  Reg i on ( 19 7 8) . 
w . 05 
(5 , 1 3 1 )  
Region 2 
Acre s  o . oo 
5 
o . oo 
3 
1 1 . 38 
1 
1 3 . 04 
4 
25 . 79 
Region R (4 )  was significantly different from R (2 )  and R ( S )  with R ( 4 )  
i ndicating the larges t mean . soybean acres /observation of  25 . 79 acres . 
Regions R (2 )  and R(5 ) bo th produced no soybeans . Regions R (2 ) , R ( S ) ,  
R (3) , and R ( l )  were no t significantiy different from each o ther . 
Regions R (3) , R ( l )  and R(4)  were also no t s ignif icantly di fferent from 
each other . Attention mus t be given to the fact that there , were only 
27 observa tions which raised soybeans , therefore the probab ili ty of a 
biased sample i s  increas ed . Region R( l )  had only ·one obs erva tion 
raising soybeans . The ob servation indica ted it  p roduced 300 acres of 
soybeans . Region R ( 3 )  bad s ix ob serva tions . and , R (4 )  had 1 7  ob servations 
repor ting soybean produc tion. The aggregate mean was 1 2 . 1 acres . 
S tatis tical comparisons o f  the mean small grain acres /observa tion 
by region are summari zed in Table 4 .  
Table 4 .  Mean Small Grain Acres/Observation By Region ( 1 9 7 8) . 
w. 05 (5 , 1 3 1 )  
Region 4 
Acre s  92 . 5 8 
3 
12 8 . 94 
2 1 5 
'392 . 82 455 . 2 2 5 1 9 . 6 0  
Regions R ( 4 )  and R ( 3)  were significan tly differen t from R ( 2 ) , R ( l ) and 
R(5) . Regi ons R ( 4 )  and R (3)  indicated the leas t average acreage of 
small grains /ob servation at 92 . 5  acres and 1 28 . 9  acres respec tively . 
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Regions R ( 2 ) , R ( l )  and R (5 ) produced the greates t a creage o f  small grains 
�t 392 . 82 acres , 455 . 2 2 acres ana 5 19 . 60  acres ·resp ective ly . There was 
no s ignificant . dif ference between R(4)  and R ( 3 ) . There also were no 
significant dif feren=es between R (2) , R ( l )  and R (5 ) . The aggrega te 
mean was 26 6 . 7  acres . 
S tatistical comparisons of mean hay and alfalfa· acres /ob s ervation 
are summari zed in Table 5 .  
Tab le 5 .  Mean Hay and Alfalfa Acres /Obs ervation By Region ( 1 9 78) . 
w. OS (5 , 1 3 1 ) 
Region 3 
Acres 4 2 . 50  
4 
6 5 . 29 
2 
9 1 . 73  
1 
15 1 .  7 8  
. , 
5 
408 . 20 
Region (5)  was s ignificant ly different from all o th er regions , indica ting 
the greates t mean acreage of hay/observation . Reg i on R ( 3 )  was s ignifi-
cantly different from R ( l )  wi th R(3) indi cating the lowes t mean acreage/ 
observation and R ( l )  the second highes t mean a creage /observation at 
4 1  
42 c 50 acres and 15 1 . 78 acres , respec tively e Regions R ( 3) , R (4 )  ·and R(2)  
were no t significantly different from each o ther . Regions R ( 4 ) , R ( 2 )  
and R ( l )  also  were no t significantly different from ea ch o ther . 
Figure 2 illus trates the mean number of  acres o f  each crop being 
produced by region . Figure 3 illus tra tes the propor tion of crop acres 
(crop mix) in corn , s oybeans , small grains , and hay by reg ion . Reg ions 
R (3) and R (4) pro duced the highes t proportion of corn , app roximately 
47 percen t and 45 percent of the total crop mix for the two regions . 
Regions R ( l ) , R (2)  and R (5 ) produced the larges t  prop o rtion o f  small 
gre ins , approximately 65 percent , . 74 percent and 49 p ercen t respec tively . 
Region R (5 ) produced the highes t proportion of  hay , which accounted for 
approximately 38  percent of the crop mix in R (5 ) c  Region R(4)  produced 
the grea tes t proportion of soybeans which accounted for approxima te ly 
8 p ercent o f  the crop mix in R (4) . Regions R ( 2 )  ·and R (5 ) produced no 
soybeans . Corn ac counted for _ l9 o 4  percent o f  the to tal crop acreage 
and small grains accounted for 5 3 . 5· percent of the to tal crop acreage 
in th� surveyed terri tory during 1978. 
The determination of bas ic crop mix for a given farm op eration is 
dependent upon s everal factors . These fac tors include but are no t 
limited to the following : 
l e  The maximum expected financial re turn/acre , whi ch is a func tion of 
the p rice of the crop , average expected yields and input costs , is 
a primary determining fac tor of crop mix . Weath er , s o il condi tions 
and ferti li ty are maj or factors in determina tion of expec ted yield . 
Fertilizers , chemicals and fuel cos ts are maj o r  factors  in 
determining input cos ts . 
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2 .  The des ire for diversification is an a ttemp t by the op era tor to 
eliminate risk (price and weather) through th e p roduction o f  
s everal different crops and enterpris es . 
3 .  Cons traints formed by landlords . or o ther enterp ris es may have an 
4 4  
e ffect o n  crop �ix . Landlords may require that a cer tain amount o f  
a crop be  p roduced . Livestock enterprises may require the produc-
t ion of certain crops to insure an amp le feed s upply . 
Regional crop mix wi ll therefore be  the aggregate mean crop mix of 
each farm op eration for a region. Each farm operation will determine 
the crop mix which offers the maYimum return , g iven the constraints 
placed t.UJOn the farm operation. As the cons train ts experienced: by 
producers change , changes in crop mix may be expected to o ccur . 
Gas oline was used by 134 (98 . 5 p er cent )  o f  the observations for 
crop producti on. One hundred fif teen ( 84 . 6  p er cen t )  of the observations 
reported us ing dies el fuel ; 5·0 (36 . 8  p er cent)  repor ted us ing elec trici ty 
and 26 ( 19 . 1 p ercent) repor ted us ing· liquid propane gas in the crop 
production proces s .  Figure 4 illus trate s  the p roportion of  operations 
using various energy sources for eas tern South Dakota crop production 
during 1 97 8 ,  by regions . 
Appendix Tab les n 1 through n4 smnmarize the analys es o f  variance 
for eas tern South Dako ta energy consump tion by regi on using energy type 
as the dependent variable . Average gasoline consump tion ranged from , 
3 . 30 gallons /acre in Region R (2) to 5 . 44 gallons/acr e  in R (4) . A mean 
of 3 . 96 gallons /acre was consumed by the 1 34 farms analyzed . Produc tion 
region had a significant effect on average gasoli ne consumption wi th 
Region R ( 4 )  having a significantly higher consumption rate than R ( 2 ) , 
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Table 6 .  
Table 6 .  Gas oline Regional Mean Consmnp tion Comparisons , ( 1 97 8) . 
w. 05 (5 , 1 2 9 )  
Region 
Consump tion/acre 
2 
3 . 30 
1 
3 . 32 
5 
3 . 37 
3 
3 . 50 
4 
5 . 44 
Gasoline i s  us ed primarily in small tractor s , trucks , p ickup s and 
cars for transportation of crop and management ,  and in combines . 
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Figures 2 and 3 indicate R (4) prcJuces primarily corn with s ome small 
grains als o produced . Average corn yields · for the s urveyed counties in 
R(4)  during 1 9 7 7  and 1 9 76 were approximately 8 bushe ls /acre more than 
for R ( 3 ) , the region which mos t . resemb les R (4) . S oybean yields averaged 
approximately 5 bush�ls /acre more and small grain s  approximately 
2 b ushel s/acre more , South Dako ta Crop and Lives tock Reporting Service 
{1978) . Therefore , additional gasoline consump tion by R (4 )  over the 
o ther ·regions may be expected due to the additional produc t whi ch mus t 
be harves ted and transported . 
No s ignificant differences �n consumption o f  diesel fuel , liquid 
p etroleum gas , and elec tri city were noted b etween
. the f ive regions . 
Mean cons \.llllp tion rates for all cons\.lllling observa tions were 3 . 6 7 gallons / 
acre , 2 . 95 gallons /acre and 16 . 25 KWH/acre for �iesel fuel , liquid 
propane gas , and electricity , respectively . Although no s ignifican t 
differences were indicated for diesel fuel , liquid propane gas or elec­
trici ty , examinat ion of Figure 5 , which illus trates the regional con­
smnp t ion levels of gas oline , diesel fuel , liquid propane gas , and 
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electri city for consumers of  the respec tive energy s ources , indi cates 
s ubs tan tial variation in consump tion rates between regions for all 
energy sources . 
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A lar ge s ample variance relatiye to the samp le means may have pro­
hibited an indication of significan t difference between s amp le means 
even though R (4 )  consumed the larges t amoun t o f  diesel fuel/acre and 
electri ci ty/acre . There was very li ttle difference indicated in con­
sump tion of liquid p ropane gas /acre . If in the analyses a Typ e  I I  Error 
lias been made , the following would indica te some reasons for the dif ­
ferences in energy consump tion .  Additional diesel fuel consump tion may 
be p ar tially a ttributed to additional harves t and transportation 
requirements of R (4) , as diesel fuel is used to power larger tractors , 
comb ines and trucks . 
Additional electrical consump tion may be p arti ally a ttributed to 
the additional crop drying requirements o f  the corn crop . As suming that 
shelled corn is dried an average of 10  percentage points , · approximately 
7 . 5 pounds of water/bushel mus t be removed through crop d rying , 
Peterson ( 19 7 8) . Low temperature drying requires 1 20 0  BTU/pound o f  
water removed whereas 2000 to 3000 BTU/pound o f  wa ter removed i s  
required f o r  high temperature , high speed drying , · P e terson ( 1 9 7 3) . 
Assuming an add i tional yield of · eight bushels / acre , 1 0  p ercentage points 
o f  mois ture mus t b e  removed , and low temperature drying is the only 
method used , an addi tional 72 , 000 BTU/acre o f  corn is  required by 
region R (4 ) . Thi s may be reduced to 32 , 400 BTU/acre as only 45  percent 
o f  the to tal crop acres in R (4) are corn . This  is equivalent to an 
ext�a requirement of 9 . 5  KWH/acre . I t  mus t  b e  recognized , however , that 
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all o f  the corn was no t dried on the farm .  Add i t i onal handling · o f  corn 
from the dryer to the f i rs t s torage loca tion as we ll as addi tional 
aeration requirement s  may also accotmt for part of the addi tional elec-
tri ca l  us ag e .  I t  may b e  unrealistic t o  a s s ume , however , that the above 
reasons exp lain all of the d ifference be tween R ( 4 )  and the o ther regions . 
Examination of Figure 5 indicates regions R ( 4 )  and R ( 3) ranked 
f ir s t and s econd , firs t and third , and firs t and se cond in consump tion 
rat e s  of g�.soline , diesel fuel , and liquid propane gas , respe c tively . 
Thi s may b e  exp e c ted as the proportion of corn rela tive to o ther crops 
i s  highes t for the two regions , Figure 3 .  Corn p rodu c t ion requires weed 
control through cul tivation or chemicals . As corn is a l a te s eason 
crop , i t  o f ten requires artificial drying · for preservat ion or chemical 
treatmen t ,  thi s  would cause liquid propane gas consump tion and elcc-
trici ty consump tion to increase . , Fi gure 5 indicates R(4)  cnnsumed the 
large s t amount of elec trici ty/acre , which is wha t  may b e  exp e c ted , 
however , Figure 5 also indi cates R (3}  consumed the leas t electricity/ 
acre �hich is contrary to what is expec ted . The only exp lanation whi ch 
can b e  offered is the large variance and sma ll s ample s i ze experienced 
by the survey may have yielded biased resul ts . 
App endix Tab les E
1 
through E4 summari z e  the ·analys es of variance 
for eas tern South Dako ta fer tili zer consump tion by region and crop . 
The analyses us e f er tili zer type as the dependent variabl e . The 
, 
analy s e s  of fer tilizer consump tion consider all operations p roducing 
a g iven crop . 
No signi f i cant dif ference among regions in cons ump t ion/ acre of N ,  
P2o5 , or K2o exis ted for corn production .  The mean app licat ion 
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rates /acre for corn production were 36 . 7  pounds /acre , 1 5 . 3 pounds /acre , 
and 4 . 5  pounds /acre for N ,  P2o5 and K20 ,  respec tively . Figure 6 illus­
trates the mean fertilizer app lication rates for eas tern South Dako ta 
corn production during 1 9 78 .  The � ercentages o f  corn producers which 
applied the various forms of fertili zer in corn p roduc tion were N - 5 7  
per cent , P2o5 - 45 percent , and K - 24 percen t .  
No significant difference among regions i n  consump tion/acre o f  N ,  
P2o5 or K20 exi s ted for soybean produc tion. The mean f er tili zer app li­
cation rate s /acre were 3 . 3 pounds/acre , 3 . 3 pounds /acre , and 2 . 3  pounds/ 
acre respectively for all farms uroducing s oybeans during 197 8 .  
Figure 7 i llus tra tes the fertili zer consump tion levels /acre for eas tern 
South Dako ta s oybean produc tion during 1 9 78 .  The p ercentages o f  soy-
bean producers which app lied the various forms of fertili zer in s oybean 
p roduc tion wer e N - 1 3  percent , 'P2o5 - 1 3  p ercent , and K20 - 1 3  p ercent . 
No significant difference among regions in consump tion/acre of N 
exis ted for small grain produc tion · in eas tern S outh Dako ta during 1 9 7 8 .  
The mean ni tro gen application rate for small g rain p roduction was 
2 4 . 0  pounds /acre . Produc tion region had a highly significant effect on 
P2o5 and K20 consump tion/acre for small grain production , Tab les 7 and 8 .  
Table 7. 
(A) .
05 (5 , 1 2 1 )  
Region 
Consump tion/ acre 
P2o5 Regional Mean Consump tion Comparisons 
for Small Grains , ( 1 9 78) . 
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Tab le 8 .  K2o Regional Mean Consump tion Comparis ons 
for Small Grains , ( 1 978) . 
w . -05 (5 , 1 2 1 )  
Region 1 5 2 3 4 
Consump tion/acre 0 . 7 1  1 . 00 2 . 79 2 . 90 6 . 75 
Region R( l )  was s ignificantly lower than R (3) , R (4 ) and R ( 2) in P2o5 
consump ti on . Average app li cation rates of P2o5 ranged from 4 . 6  pounds/ 
acre in R ( l )  to 2 0 . 7  pounds/acre in R (2 ) . A mean o f  1 5 . 6  pounds /acre 
was consumed by the 12 6 farms an�lyzed . The regional differences indi-
cated are cons is tent with phosphorus deficiencies indicated in South 
Dako ta soil tes ts , Ward and Cars on ( 19 75 ) . 
Average app lication rates of K20 ranged from 0. 7 pounds / acre in 
R (l )  to 6 . 8 pounds/acre in R (4) . A mean o f  3 . 3  p ounds/acre was con-
smned by the 1 2 6  farms analyzed . The regional differences indicated 
are consis tent wi th po tash def iciencies indicated in South Dako ta soil 
tests , Ward and Carson ( 1 975 ) . Regions R ( l )  and R (4 )  were the only 
regions significantly different from each o ther . The p ercentages o f  
small grain producers which app lied the various forms o f  fertili zer _in 
small grain pro duction were N - 68 percent , P2o5 - 6 0  p ercent , K - 28 
p er cent . Fig ur e  8 illus trates the regional fer ti li zer consump tion/acre 
for smal l grain produc tion in eas tern South Dako ta during 1 9 78 .  
No significant difference in consump tion o f  N ,  P2o5 , or K20/acre 
existed between regions for hay production during 1 9 7 7 . Mean fer til-
i zer cons wnp tion levels for hay production in the s urvey area were as 
follows : N - 4 . 7  pounds /acre ; P205 - 9 . 9  pounds /acre and KzO - 1 . 3  
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pounds /acre . Figure 9 illus trates the fer tili zer consump tion levels / 
acre for eas tern South Dako ta hay production during 1 9 78 .  The percent­
ages of hay producers which applied the various forms of fertilizer in 
hay production were N - 1 7  percent ; P2o5 - 21  percent , and K2
o - 8 per­
cent .  Figure 1 1  illustrates the percentage o f  producers which fer til-
ized the c rop in ques tion o A greater percentage o f  corn and small 
grain acres were fer tilized than were soybean and h ay a cre s o 
These res ults a re consistent with a repo�t by Ders cheid et  al . 
( 1 969) that s tated , " Some evidence sugges ts i t  is more profi tab le to 
ap: ly fertilizer to o ther crops in the rotation and le t s oybeans ob tain 
their nutrient needs of these two elements (phosphate and po tash) from 
residua l  carryover o "  Adams et  al o ( 1 978)  s tated , "about half of the 
J 
fertilizer app lied in South Dako ta is  used for corn produc tion . " 
Williamson et a l .  ( 1 9 77 )  s tated , "It is es timated tha t  only five p er-
cent of the tame hay and pas ture area now is being f er t i li zed , compared 
to fertilizer use on 23 percent of the corn acreage . "  This s tudy , how-
ever ; found a higher percentage of corn fer tili zed than Wi lliamson 
et al . ( 1 9 7 7) indicated . When crops were fertili zed , corn received 
the highe s t  app lication rate , s�all grains the second highes t applica-
tion rate , hay and alfalfa received the third highe s t ap plication rate 
and soybeans r eceived the lowe s t  application rate , Figures 4 to 6 .  
Chemical consump tion by crop was analy zed to d e termine if regional 
effects exis ted . The analyses of chemical consump t i on cons ider all 
operations producing the crop being considered o App endix Tables F1 
through F4 summarize the 
analyses of  variance for eastern S outh Dakota 
chemical consump tion as it applies to corn , s oybe ans , small grains , and 
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hay p roduc tion respectively , by region during 1 9 78 . Regional effects 
were ins ignificant for all crops being produced during 1 97 8 .  For the 
5 7  
aggregate o f  a ll regions the mean chemical consmnp tion levels for corn , 
soybeans , smal l  graics , and hay prpduction were 3 . 1 5  pounds /acre , 2 . 6 0 
pounds /acre ,  0 . 46 pounds/acre , and 0 . 00 pounds /acre r esp ectively . 
There were no chemicals used in hay production. Chemical consumption 
o ccurs primari ly in .the form of pes ticides such as herb icides , ins ecti-
cides and fungicides . Regional consump tion rates wer� no t expected to 
differ . Figure 1 0  illus trates chemical consump tion/acr e by crop and 
region. In examining Figure 10 ,- chemical consump tion in R (2 )  for s oy-
bean pro duction app ears to be subs tantially higher than all o ther 
regions , however , only one observation of chemical constnnp tion in s oy-
bean pro duction was available for both R ( l )  and R {2) . Figure i l  also 
illu strates the p ercen tage of operations which us ed chemicals in crop 
�reduction by crop . Chemicals were used by 44 p ercent o f  the corn 
pro ducers , 46 percent of the soybean p roducers , and 32 percent of the 
small grain producers . As the growing season is  much shorter for small 
grain production , chemical consump tion for the purpose of weed control 
and insect  control may no t be cons idered as important as it may be in 
·corn and soybean p ro duction.  
To ta l energy (kcal/acre) consumed in the forms of  fertilizers and 
chemicals was analyzed to determine if crop type and/or region had an 
influence on consump tion rate . An analysis was a ttemp ted using a 
mul tivariate analysis of variance to test the interaction of  crops and 
regions , however ,  the number of ob servations was insufficien t to pro-
vide usab le results . Appendix Table G sunnnarizes the analyses o f  
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6 0  
variance f o r  chemical and fertili zer consump t ion by reg ion and crop 
using the summation of kcals of N ,  P2o5 , K2o and chemicals /acre . 
Mean regional consump tion ra tes ranged from 3 6 3 , 7 7 3  kcal/acre in 
R ( l )  to 54 1 , 45 7 kcal/acre in R (2)  .. No s ignificant difference in 
regional consump tion levels was indicated . The mean ra te of  consump tion 
was 506 , 043 kcal/acre . 
Consump t ion of energy in the form of  fertili zer and chemicals was 
the highes t by corn at 877 , 320 kcal/acre . S oybeans consumed the least  
energy in the form of chemicals and fertili zers a t  � 9 , 2 2 6  kcal/acre . 
Crop type had a highly signif ici�t affect on total energy consumed in 
the forms of  fertilizer and chemicals , Table 9 .  To tal energy consumed 
by corn was s ignificantly different from ·small . grains , hay and soybeans ; 
a lso , the t o tal energy consumed by small grains was s ignificantly dif-
f erent from hay and soybeans . There was no s ignificant difference in 
the total energy consumed by soybeans and hay . 
Table  9 .  To tal Energy (Fertilizers and Chemicals)  Consump tion 
Comp arisons by Crop Type , ( 1 97 8) . 
w. 05 (4 , 382)  
Crop Soybean� Hay Small Grains Corn 
Consump tion/acre 99226 1 14 856 5 4 8 744 · 8 7 7320 
Figur e 1 2 illus trates the kcal/acre consll1!1ed in the forms o f  
f ertili zers and chemicals i n  eas tern South Dako ta during 1 9 7 8  b y  region 
and crop typ e . Figure 12 indicates R ( l )  consumed s ubs tantia lly les s 
total energy than did the other four regions . Figure 3 ind ica tes R ( l )  
produces predominate ly small grains . Figures 6 and 8 indicated the 
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By Reg i on and Crop , ( 19 7 7 ) .  
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applicat ion rates of the various fe rt ilizer forms by R ( l )  for the two 
mos t  energy intens ive crop types ,  corn and small grains , respect ive ly , 
was the least o f  any region . However , due to  the l arge vari ance among 
samp les wi thin regions the difference be tween regions c anno t be shown 
to be signi ficant . 
Consump t ion leve ls of gaso line , diesel fuel , liquid p ropane gas 
and electricity were converted to kcal , s tnmned , and then analy zed for 
regional differences . Appendix Table H summarizes the analys is o f  
variance o f  the summat ion of gas oline , diesel fue l , liquid p ropane gas 
and electricity (kcal /acre) for eas tern S outh Dakot a  by region for 197 8 .  
Consump tion ranged between 2 1 1 , 6 1 7  kcal/acre fo r R ( l )  t o  3 10 , 8 12 kcal/ 
acre for R(4} . Regional consump tion rates o f  gas oline ; dies el fue l , 
l iquid p rop ane gas and electri city (kcal / acre)  were signi fi cantly dif-
ferent from each other . However ,  Tukey ' s  w p ro cedure indicated 
� 
no difference between individual regions , Table  10 . 
Table 1 0 . Regional Mean Consumpt ion of  Gas oline , Diesel Fue l , Liquid 
P rop ane Gas and Elec trici ty (kcal / acre ) , ( 1 9 7 8 ) . 
w. 05 (5 , 131 ) 
Regions 1 5 2 3 4 
Consump t ion Level 2 1 1 , 6 1 7  2 1 6 , 67 4  22 6 , 66 3 2 38 , 2 4 7 3 1 0 , 8 1 2  
The mean aggre gate energy consump tion leve l o f  gaso line , d ie s e l  
fuel , liquid p ropane gas and elec tr i �ity was 2 4 9 , 62 2  kcal / acre . 
Figure 1 3  illus tra tes the total energy consumed in the forms of  
gas oline , dies e l  fuel , liquid propane gas and e le ctri city . Figure 1 3  
indicates R(4)  i s  highe r than the other four regions . This may be 
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expected as the proportion of  operations us ing various energy types in 
· R (4)  was closely related to the mean proportion of all opera tions using 
a specific energy form , Figure 4 .  Region R (4 )  consumed the larges t 
amomi t  of  gasoline /acre , diesel fuel/acre , and electri city/acre . The 
consump tion rate of liquid propane gas /acre by region indicated R (4)  
ranked third . 
The energy us ed in the form of gaso line , diesel fuel , liquid 
propane gas , electricity , fertilizers and chemicals was combined and 
then analyzed for regional dif ferences . App endix Table I s ummari zes the 
analys is of variance for eas tern . South Dako ta ene rgy cons ump tion by 
region during 1 9 78 .  The dependent variab le being considered is the 
sUDllllation of gas oline , diesel fuel , liquid propane gas , electricity , 
ferti lizers and chemicals converted to kcal/acr e .  When fertilizer and 
chemical consump tion were also included wi th the four p revious ly men­
tioned energy sources , no significan t  differences exi s t ed between 
regions o The mean aggregate energy cons ump tion l evel for the six energy 
sources dis cus s ed was 823 , 2 00 kcal/acre . Figure 1 3  illus trates the 
kcal / acre consumed in South Dako ta crop produc tion during 1 97 8  by 
region. Al though no significant difference between reg ions existed , 
Figure 1 3  indicates R (4) and R (3) consumed energy a t  the highes t  rate . 
This is consis tent wi th all of the previous f inding s . As Figure 1 3  
indicat es , approximately 3 0  percent o f  the total energy consumed in 
the on-f arm crop production process is consumed in the f o rm  of gaso line , 
d iesel fuel , l iquid propane gas , and electric ity . Approximately 70  per­
cent o f  the to tal energy consumed is consumed in the form of fertili zers 
and. chemicals . The two mos t  energy intensive_, crop types � corn and small 
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grains , compri s ed 72 . 8  percent o f  the to tal crop acreage . 
CONCLUSIONS 
The following conclus ions were reached during thi s  s tudy . C9n-
clus ions are bas ed upon limited re turns to the s urvey ques t ions , and 
therefore the prob abili ty of b iased results is increas e d . 
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1) Regional differences do exis t  for the level of  gasoline consump tion . 
Region R (2 )  cons umed the leas t gasoline/ acre and R (4 )  consumed the 
mos t  gaso line /acre. Using 1 9 77 farm input p r ice levels , Economics , 
S tat is tics and Coopera tive Service USDA ,  ( 1 9 7 7 ) , and the convers ion 
ratio sugges ted by Frith a�d Promersberger , ( 1 974) , the MPG/PG · = 
2. 14 (G = gaso line ) and the MP0./PD = 3 . 1 8  (D = diesel fuel) . 
MP
G 
MP
D Therefore the �- < �- imp lying that sub s titution to diesel fuel 
. PG PD 
wi ll o ccur more rapidly in R (4 )  than in R ( 2 ) . It  mus t  be  recog-
nized that the higher the purchase co sts which dies el powered 
machinery present and the hig�er the interes t rates pres ent , the 
s lower will be the conversio� pro ces s .  
2)  All �egions were primarily dependent up on gaso line and d i e s e l  fuel 
for providing the energy source necessary for crop product ion . 
3) Regional di fferences do not exist  for fertili zation rates for corn , 
s oybeans and hay , therefore mean aggregate ap plicat ion rat es 
app ly for the individual crops . 
4) Nitrogen application rates for small grain production did not 
differ among regions , therefore mean aggrega te app lication rates  
app ly for all regions . 
S) Regional differences do exis t for appli cation rates of P2o5 and 
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K20 in small grain produc tion . Regions R (2 ) and R (4 ) consumed the 
larges t  amount of each respectively and therefore small grain pro­
duction in R (2 ) and R (4) could be inf luenced by uni t  cos t  changes 
of thes e  inputs . 
6) Regional differences do no t exi s t  for app li cation rates of chemicals . 
Therefore, mean aggregate app lication rate s  app ly fo r all regions for 
a given crop . 
7) When fertiliz er and chemical consump tion only are cons idered , corn 
is the mos t  energy intensive crop , and small grains are the second 
mos t  energy intensive crop � Changes in energy input prices and 
availab i li ty will therefore alter South Dako ta · crop mix or output 
levels . As energy prices increase , ceterius p aribus , reduced 
fertilization , and a substitut ion to les s energy intens ive crops  
will occur . 
8) Regional differences do no t exis t for the to tal amoun t of energy 
consumed by regions for crop production. Therefore, aggregate mean 
· consumption levels apply for all regions . 
9) Fertilizers and chemicals account for 70 p er cent o f  the energy 
consumed in South Dako ta d�y land crop production. Changes in 
the price or avai lability of these energy resources will have 
effects on South Dakota crop p roduction. As the price of  thes e  
inputs increase , ceterius paribus , or a s  phys ical quantity con­
s traints o ccur , a reduction in the use of  the inpu ts will occur and 
land and labor may be substituted for fert ili zer and chemicals . 
Reduced yields may occur , causing reduced revenues . If to tal net 
revenue decreases , substitution to less energy intensive crops wi ll 
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occur , provided tho se crops yield a higher net re turn than does the 
previous crop . 
10) Crop mix does dif fer by region. The refore, regional adj ustments to 
energy resource availability· and price will d i ffer .  
1 1) The two mos t  energy intens ive crop s , corn and small grains , comprise 
from 6 1 . 6 percent to 84 . 3  p ercent of any regions to tal crop mix . 
Therefore, changes in the availability or  p rice of energy inputs for 
these c�ops will affect all regions . 
12) Regions R (2 ) and R(3) are mos t  heavi ly dependen t upon energy 
int ens ive crops . Therefore, changes in crop mix will o ccur primarily 
in these regions , if changes in energy availabi li ty or price o ccur . 
Crop mix changes will be primarily depend.ent upon · expected produc­
tion levels of  various crops , price of  the crop b eing produced , 
prices o f  substitute . crops and prices of  energy inputs . 
1 3) Substitu tion of land for energy inputs , esp ecially fertilizers and 
chemicals , may occur prior to 'crop mix changes , if energy price 
· and physical cons traints are applied . 
14) Where only one crop was produced by a respondent , insuffic ient 
returns were obtained for �n analysis of the input levels of _ 
gasoline , diesel fuel , liquid propane gas and electricity . There­
f ore , c onsumption of these inputs could no t be correlated wi th 
pro duction of given crop s .  
1 5 )  Survey techniques other than mail-out que s t ionnaires should be  
used when possible . 
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SUMMARY 
A f ield survey of  eas tern South Dako ta farms was conducted during 
the las t quarter of 1978  to s tudy the effects of locat ion and crop mix 
on energy consump tion .  The economic impact o f  p rice o r  phys ical con­
straints on energy related inputs  was studied to de termine what effect s 
the cons traints will have on crop mix and output levels . The survey 
design cons i sted o f  a mail-out questionnaire sent t o  1 5 00 farmers and 
ranchers in ten counties which were cons idered representative of  five 
r egions in eas tern South Dako ta . Two counties for each region were· 
s ampled through a random samp ling procedure . 
Energy s ources s tudied were gas oline , dies el fuel , liquid propane 
gas , electrici ty ,  fertilizers N ,  P2o5 and K2o ,  and chemi cals . Crop s 
studied were co rn , soybeans , small grains , and ·h ay and alfalfa . Two 
energy intensive operat ions , irrigation and crop drying, were to also 
be stud ied .  However , insufficient . returns for the two op erations 
prohibited the analyses . 
Analyses of  variance indicated regional effects· are evident in 
gasoline consump tion , P2o5 
and K20 consump tion for small grain produc­
t ion , and chemical consump tion for soybean production .  Regional dif­
ferences also existed in the mean number o f  acres produced /observation 
of corn ,  soybeans , smalJ grains , and hay and alfalfa . Energy consump­
t ion ,  in the form of  fertili zers and 
.
chemicals , when c ompared by crop , 
indicate d  corn and small grains were energy intens ive crop types . 
Therefore, regional adj us tments to phys ical or price c onstraints would 
be expected to be different . 
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The successes and failures of this s tudy may be used a s  guidelines 
for future agriculture energy consumption s urveys . The s tudy res ults 
app ly only to eas tern South Dakota and interpretation for , and app lica� 
t ion o f  the results to other regions should b e  at tempted only wi th 
great caution . 
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APPENDIX A 
.. · - -"'.�� . - . 
. SOUTH DAKOTA STATE UN IVERSITY 
BROOKl�CS, SOUTH DAKOTA 57006 
COLLECE OF ENCINF.UllNC 
O c t ob e r  1 ,  19 7 8  
Dear S i r :  
I am cur ren t ly en gaged in a s urvey o f  S ou th D ak o t a  f a rmers an d would l ike 
to ask y o u r  a s s is tance in t h is e f f o r t . Y o u  h av e  b e en s e l e ct e d , by a random 
s amp l ing me thod , to as s is t  in the s urvey con ce rn ing t o t a l  f uel con s ump t i on ' in 
cro p p roduct.ion by eas tern S outh· Dako t a  f a rmers . 
The s u rvey is b e in g  con d u c te'd to p rovi d e  in f o rma t i on f o r  a thes is p ap e r  
b e ing w r i t t en b y  mys e l f ,  a g raduate s tuden t .  
Y our que s t ionn a i re h as b een as s i gne d a numb e r .  Th e  numb e r  
p rovided t o  main tain t h e  conf iden t i a l i t y  o f  yo u r qu es t ionn a i re . 
please c omp l e te t h e  q ues t i onn aire and r e t u rn t o  b e  by Decemb e r  
fol l ow- up ques t ionn aire wil l b e  s en t  to t ho s e  ind i v iduals who s e  
w e  d o  n o t  receive by this date . ' 
P le as e  give t o t al f igures in t h e  ques t ionn a i re wh e r e  as ke d . 
conv e r t . a l l  f igures to a p e r  acre o r  per h e ad b as is . 
has been 
Wo u ld you 
15? A 
ques t ionn a i re 
We w i l l  
W e  hope t h e  in f o rmation ob t a ined w i l l  b e  o f  s ub s t a n t ial bene f i t  t o  S ou th 
Dako t a  f a rme r s  upon comp le t ion o f  th e s urvey . 
I wo u l d  l ike t o  t ake t h i s  oppor tun it y  to th an k  y o u  f o r  y our ass is t an c e  in 
this e f f o r t . I f  you would l i ke a copy of these re sul t s , ple as e  ind i c a t e  t h is 
on th e que s t ionn a ire . 
TR/ j s  
S incerely y o urs , 
� �  
Terry Rydel l , G r ad . Res e a r ch Ass is t an t  
Agri cul tural Eng in e e r in g  Dep a r tmen t 
A land-grant unittersity st"rc:ing South Dakotans thmuf;h Tc-aclairi�-Rncurch-Eztcruion 
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7 9  
SOUTH DAKOTA FAHM FUEL AND ENERGY CONStn1PTION SURVEY 
I was ( ) was not ( ) act ively engaged in farming in 19 7 8 .  ( Che ck one ) 
1 9 7 8  Total Fuel Consump t ion 
P leas e include all fuel and energy whi ch was pur chased , on or off  the 
farm ,  for farm use . Include fuel purchases for cus t om work . (Estimate 
if neces s ary . )  Not e : Exclude res ident ial us e in e s t ima tes . 
Energy Types 
·-
Clas s ifications Gas oline Dies e l  · Prop ane Elect ric i ty 
{Gal . ) (Gal . )  
What was your t otal 
consump t io� in 1 9 7 8  of : 
(include farm consump tion 
only)  · 
(Gal . )  (Gal . )  
How much energy was used 
for 1 9 7 8  CROP PRODUCTION? 
(Includes harves t ing , 
irrigating , d rying , and 
t ransp ortation to firs t 
s t orage locat ion even if 
crop W 3 S  meant t o  be fed 
to  livestock) 
(Gal . )  (GaL ) 
How much ener gy was used 
for LIVESTOCK PRODUCTION ? 
·-
(Gal . )  (Gal . ) 
GENERAL FARM US E 
(Includes farm car and 
!Pickup use) 
LIVESTOCK PRODUCTION TYPE A.�D S IZE : Number o f  head 
Cat tle 0 10-200 2 00-500 5 0 0- 1000 
Hogs  0 1 0-200 2 00- 500 500- 1 000 
Dairy 0 1 0-200 2 00-5 00 5 0 0- 1 000 
.. 
(Gal . )  
(Gal . )  
(Gal . ) 
(Gal . )  
(Kilow at ts ) 
(Kilowat t s )  
(Kilowatts ) 
(Kilowat ts ) 
l OOo+ 
lOOo+ 
l OOo+ 
80 
CROP PRODUCTION : (Include to tal acres , total fertilizer used and total 
chemicals used even if farmed on a share bas is . 
Crop Typ e  
Corn 
Soyb eans 
Small Grains 
Hay & Alfalfa 
. .  ' . ' . . . ' .  
Acres Farmed 
. . 
in 1 9 7 8  
acres 
acres 
acres 
acres 
IRRIGATION IN 1 9 7 8  
Average lbs . Fert ilizer 
Used Per Acre 
Nitrogen Phosphorus P o tash 
(lbs . )  (lbs . )  ( lbs . )  
Did you irrigate  in 1 9 78 : Yes ( ) No ( ) 
Chemicals Us ed 
Per Acre 
Type Amount 
lbs .  
lbs . 
lbs . 
lbs . 
lbs . 
lbs .  
lbs .  
lb s . 
Type of Number of  Acres Type of Irrigation Type  of  Energy Amount of 
Crop 
. . . . . .  
Irrigated 
. . . . 
System Used Us ed Energy Use d  
CROP DRYING IN 1 9 7 7 : 1 9 7 7  informat ion is  requested  for crop drying as 
informat ion from the survey is needed back at  this of £ice p rior to the 
end of the 1 9 7 8  crop drying season . Did you dry any crops in 1 9 7 7 ? 
Yes ( ) No ( ) 
Crnclude any cus tom drying vou mav have done ) 
Type of  Number of  Bus hels % of Mo isture Type . of  Energy Amount of  
Crop Dried in 1 9 7 7  Removed Used Energy Used 
"4 
Would you like a copy of  the survey results ?  Yes No 
COMMENTS : 
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. APPENDIX C 
.. 
App endix Table c 1 : 
Source 
Regi ons 
Error 
Correc ted To tal 
Analysis of Varian ce for Eas tern South 
Dako ta Corn Production By Regi on , ( 1 9 78) . 
Dependent Variable - Acres of Corn 
DF MS F 
4 76670 . 43 6 . 83* 
1 3 1  1 12 1 7 . 38 
1 35 
* Highly s ignificant 
Appendix Table c 2: 
S ource 
Regions . 
Error 
Corrected To tal 
** Signifi cant 
Analysis ·of  Variance for Eas tern South
. 
Dako ta S oybean Pr.oduction By Regi on ,  ( 1 9 7 8 ) . 
�enc!.enE__ Variab le - Acre.s o f  Soybeans 
DF MS F 
4 3363 . 5 4  2 . 5 0** 
1 3 1  1 346 . 1 9 
135 
8 9  
Appendix Table c
3
: 
Source 
Regions 
Erro r 
Corrected To tal 
* Highly S ignificant 
Analysis o f  Variance for Eas tern South Dako ta 
Small Grain Produc t ion By Region ,  ( 1 97 8 ) . 
Dependent Variab le - Acres cf  Small Grains 
DF MS F 
4 9 353 1 7 . 36 1 0. 52* 
1 3 1  88902 . 40 
135 
Appendix Tab le c4 : Analysis of Variance for Eas t ern South Dako ta 
Hay and Alfalfa Product ion By Reg ion , ( 1 9 7 8 ) . 
Dependent Variab le - Acres of Hay and Alfalfa 
Source DF MS F 
Regions 4 290 1 97 . 66 1 4 . 1 7 *  
Error 131  20482 . 42 
Correc ted To tal 135 
* High ly significant 
90 
9 1  
. APPENDIX D 
Appendix Tab le n 1 : 
Source 
Regions 
Error 
Correc ted To tal 
** Signifi cant 
App endix Table D
2
: 
Source 
Regions 
Error 
Corrected Total 
NS No t Significant 
Analysis of Variance for Eas tern South 
Dako ta Gasoline Consump tion/Acre By 
Region , ( 1 978) . 
Dep�ndent Variab le - Gasoline/Acre 
DF MS F 
4 29 . 20 3 . 1 0** 
129 9 . 43 
1 33 
Analysis o
.
f Variance for Ea stern South 
Dako ta Diesel Fuel Consump tion/Acre By 
Region , ( 197 8) . 
Dependen t  Variab le - Diesel /Acre 
DF MS F 
5 . 5 7  
1 1 0  5 . 75 
1 14 
92 
Appendix Tab le n 3 : 
Source 
Regions 
Error 
Corrected To tal 
NS Not significant 
Appendix Table D4 : 
Source 
Regions 
Errq r 
Corrected To tal 
NS Not Signif icant 
Analysis of Variance for Eastern South 
Dako ta Liquid Propane Gas Cons umption/Acre 
By Region , ( 1 9 7 8) . 
Dependent Variab le - Propane /Acre 
DF MS F . 
4 3 . 03 
2 1 4 . 39 
25 
Analysis o f  Variance for Eas tern South 
Dake.ta Elec trici t:y Ccnsumption/ Acre By 
Region , (1 9 78) . 
Dependent Variab le - Electr icity/Acre 
DF . MS F 
4 520 . 44 
45 595 . 28 
49 
9
3 
9 4  
APPENDIX E 
Appendix Table E 1 : 
Source 
Regions 
Error 
Co rrected Total 
NS No t Significant 
Appendix Table E2 : 
Source 
Regions 
Error 
Co rrected To tal 
NS No t S ignificant 
Analyses of  Variance for Eastern South Dako ta Fertili zer Consump tion/Acre For 
Corn Pro duction By Region , ( 1 978) . 
Dependent Variables - Ni trogen (N) , Phosphorus acid (P2o5 ) ,  Potash (K20) 
DF MS (N) MS (P2o5 ) MS (K20)  F Value 
4 1237 . 64 
1 1 4 1901 . 78 
1 18 
7 97 . 45 
446 . 03 
1 6 2 . 65 
137 . 1 1 
N - 0 . 65NS 
p 205 - 1 .  79NS 
K20 - l .  l9
NS 
Analyses of Variance for Eastern South Dako ta Fertilizer Consump tion/Acre For 
Soybean Production By Region ,  ( 1 978) . 
Dependent Variables - Nitrogen (N) , Phosphorus acid (P2o5 ) ,  Po tash (K20) 
DF MS {N) 
-
2 7 1 . 45 
2 1  120 . 9 7 
2 3  
MS ( P  2o5) 
---
5 . 88 
. 9 1 .  50 
MS (K20)  F Value 
2 . 7 4 
5 1 .' 38 
N - o . 5 9NS 
P205 - o . o6
NS 
K20 - 0 . 05
NS 
'° 
Vt 
Appendix Table E3 : 
Source 
Regions 
Error 
Corrected Total 
Analyses of Variance for Eastern South Dakota Fertilizer Consump tion/Acre 
For Small Grain_ Production By Region , ( 1 9 7 8) . 
Dependent Variab l1es - Ni trogen (N) , Phosphorus acid (P 2o5 ) ,  Po tash (K20)  
DF MS (N) 
-
4 5 1 8 . 90 
12 1 432 . 39 
125 
MS (P2o5 ) 
987 . 5 3 
235 . 1 9 
MS (K20) 
F Value 
1 46 . 87 
37 . 9 7 
N - 1 . 2 0NS 
P2o5 - 4 . 20* 
K20 - 3 . 87* 
* Highly significant 
NS No t signi ficant 
Appendix Tab le E4 : 
Source 
Regions 
Error 
Co rre cted To tal 
NS Not s ignificant 
Analyses of Variance for Eastern South Dako ta Fertilizer Consumption/Acre 
For Hay Production By Region , ( 1 978) . 
Dependent Variables - Ni trogen (N) , Pho sphorus Acid (P2o5 ) ,  Po tash (K20 )  
DF MS (N) MS (P 2o_5 ) MS (K20) F Value 
4 333 . 68 
1 12 1 7 3 . 02 
1 1 6 
1 074 . 92 
47 1 .  7 3  
3 1 . 1 6  
2 8 . 44 
N - 1 . 9 3NS 
P205 -
2 . 28NS 
K20 - 1 .  l O
NS 
\0 °' 
9 7  
· APPENDIX F 
Appendix Tab le F
1
: Analysis of Variance for Eas tern South Dako ta 
Chemi cal Cons ump tion/Acre For Corn Production 
By Regi on , ( 1 9 78 ) . 
Dependen t Variable - Chemicals Consump tion For Corn Produc tion 
Source DF MS F Value 
Regions 
Error 
Corre cted To tal 
NS Not sign if icant 
Appendix Table F2 : 
4 55 . 62 2 . 80Ns 
1 12 1 9 . 84 
1 16 
Analys is of Variance f or Eas t ern South 
Dako ta Chemical Consump tion/Acre For 
Soybean Production By Regi on , ( 1 97 8 ) . 
Dependent Variable - Chemical Consumption For Soybean Pr9duction 
Source DF MS F Value 
Regi ons 3 1 6 . 44 
Error 23 38 . 14 
Corrected Total 26 
NS Not significant 
98  
App endix Tab le F3 : Analysis of  Variance For Eastern S o u th Dako ta 
Chemical Consump tion/Acre For Small Grain 
Production , By Regi on ( 197 8 ) . 
Dependent Variable - Chemical Consump t i on For Small Grain Pr oduc t ion 
Source DF MS · F Value 
Regi ons 
Error 
Corrected To tal 
NS No t  significant 
App endix Table  F4 : 
4 1 . 2 1  
120 1 . 05 
124 
Analys is of Variance for Eas tern S outh Dakota 
Chemical Consump tion/Acre For Hay Production 
By Region ,  ( 1 9 78) . 
Dependen t Variable - Chemical Con s umpt i on· For Hay Production 
Source DF MS F Value 
Regions 
Error 
Corrected Tot al 
NS No t  s.ignif !cant 
4 0 . 005 o . saNs 
1 12 0 . 009 
1 16 
9 9  
1 00 
APPENDIX G 
10 1 
Appendix Table G :  Analysis of . Variance for . Eas tern South Dakota Energy 
Consump tion/Acre (Fertilizers and Chemi cals ) By Crop 
and Region � ( 1 9 78) . 
DeEendent Variable - Mean ConsumEt ion of 
Fer tilizers 
Source 
Model 
Error 
Corrected To tal 
Regions 
Crops 
* Highly s ignificant 
NS No t s ignificant 
DF 
7 
382 
389 
4 
3 
and Chemicals (kcal /Acre ) 
MS 
- 8982 . 70 x 108 
5 84 . 38 x 1 08 
7 7 3 . 07 x 1 08 
202 1 3 . 2 8  x 1 0
8 
F Value 
15 . 37* 
1 ,. 32NS 
34 . 59* 
1 02 
APPENDIX H 
1 03 
Appendix Table H :  Analy s i s  of : Variance for Eastern South Dako ta Energy 
Consump tion/Acre (Gasoline , Diesel Fuel , Liquid 
Propane Gas and Electricity ) By Region , ( 1 978) . 
Dependent Variable - Summa tion of Gasoline , Diesel Fue l, 
Propane Gas and Electricity (kcal/Acre )  
Source DF MS F 
Regions 4 
Error . 13 1 
Cor rected Total 1 35 
** Significan t  
5 19 . 73  x 1 0
8 
. 1 92 . 00 x 1 08 
2 . 7 1** 
104 
APPENDIX I 
1 05 
Appendix Table I :  Analysis of  Variance for Eas tern South Dako ta To tal 
Energy Consumption/Acre By Region , ( 1 9 7 8) . 
Depend ent Variable - Summat ion o f  Gasolin e ,  Diesel Fuel,  
Propane Gas , Electricity, Ferti lizers and Chemicals , (kcal /Acre) 
Source DF MS F 
Regions 4 
Error 1 3 1  
Corrected To tal 1 35 
NS No t  significant 
5 9 1 3 . 5 6 x 1 08 
3062 . 5 1  x 1 0
8 
